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SYMBOLS AND ABBREVIATIONS 
acac acetylacetonato ligand 
All allyl 
Bu butyl 
Bz benzyl 
Op cyclopentadienyl 
Cy cyclohexyl 
decalin decahydronaphthalene 
diphos 1,2-bis(diphenylphospliino)ethane 
Et ethyl 
L donor ligand 
M metal atom 
Me methyl 
Ph phenyl 
PPN"*" jLL-azidobis(triphenylphosphorus) 
cation 
Pr propyl 
py pyridine 
R organic substituent 
THF tetrahydrofuran 
TKS tetramethylsilane 
X halogen or chalcogen 
V infrared stretching frequency 
or mode 
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INTRODUCTION 
General Comments 
One of the more interesting recent developments in 
transition metal organometallic chemistry is the synthesis 
of complexes containing the thiocarbonyl ligand, CS« These 
compounds are analogous to the well-known metal carbonyls. 
However, metal carbonyls were known and studied for more 
than 75 years before the first report of a metal thiocarbonyl 
appeared in 1966. About 100 such compounds are now known, 
the majority having been reported within the last seven years. 
The major impediment to the development of metal thio­
carbonyl chemistry was — and remains — the chemical 
nature of CS« Carbon monosulfide, unlike carbon monoxide, 
is not a stable compound under normal conditions. As a 
result, the CS ligand must be incorporated into a complex 
by indirect methods. At present only a few such methods 
are known, and introduction of more than one CS group is 
not possible in most cases. Further, thiocarbonyl analogs 
of other well-known types of metal carbonyls, such as 
bridging carbonyls and carbonyl anions, are still very 
uncommon. It is apparent that the study of metal thiocarbonyls 
will continue to provide challenging problems in organo­
metallic synthesis. 
While the search for additional preparative methods 
is still of primary interest, other aspects of metal 
2 
thiocarbonyl chemistry are also being investigated# Exper­
imental and theoretical studies have been conducted to 
elucidate the similarities and differences in the bonding 
of CS and CO to metals# Other studies have shown that the 
coordinated CS group has a pronounced effect on the reactivity 
of a metal thiocarbonyl complex, and also that the CS ligand 
itself often is unusually reactive. Metal thiocarbonyls are 
also of interest because, in some cases, the introduction 
of a CS ligand results in, or facilitates, formation of a 
chiral metal center. Finally, the increasing interest in 
metal carbonyls as catalysts and organic synthesis reagents 
suggests that similar special uses for some metal thiocarbonyls 
will eventually be found. Therefore, it is anticipated 
that metal thiocarbonyl chemistry will remain an active and 
fruitful research area for some time to come. 
The remainder of this introductory chapter is devoted 
to various aspects of the chemistry of CS and metal thio­
carbonyls. Coverage is intended to be representative only, 
with emphasis on relatively new work, inasmuch as two 
1 2 
recent reviews on the subject are available. ' 
Carbon Monosulfide 
The difference in the stabilities of free and coordinated 
CS are so striking that it is worthwhile to review the 
properties of carbon monosulfide itself prior to any 
discussion of thiocarbonyl complexes. Also remarkable is 
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the contrast between the properties of CS and CO, 
Carbon monosulfide was first prepared in 1910,^  but 
only in recent years has it been obtained in macroscopic 
quantities. Of the numerous reactions known to produce CS, 
the majority involve pyrolysis, photolysis or electrolysis 
of CS2* The compound is best prepared in usable amounts 
by passage of a high-voltage ac discharge through CS2 at 
liquid nitrogen temperatures.This procedure apparently 
gives a mixture of CS, CS^  and C^ S^ ;^  pure CS has never 
been isolated because of its high reactivity (see below). 
Naturally-occuring CS has been detected in the upper 
c 7 
atmosphere and in interstellar space,' 
O 
Above -160 C, carbon monosulfide undergoes a highly 
exothermic and often violent polymerization, giving a brown-
black solid. The reaction has been studied for both condensed 
CS^  and CS vapor,^  and is not a simple polymerization. 
Products commonly observed are CS2, free sulfur and a 
"copolymer" of CS and The nature and composition of 
the products obtained depend on the method and reaction 
conditions used. 
Despite the difficulties involved in the preparation 
and handling of CS, many physicochemical studies of the 
molecule have been conducted. Spectroscopic methods employed 
g 10 
in the study of CS include infrared,^  uv absorption and 
emission,uv PES^  ^and microwave.Reported thermo­
dynamic parameters vary considerably* ^7-20 various molecular 
4 
properties of CS determined in these studies are given in 
Table 1 ; corresponding properties of CO are shown for 
comparison. 
Table 1# Molecular properties of CS and CO 
Property CS Ref. CO Ref. 
M, D 1.958 (-CS+) (15) 0.112 (-C0+) (21) 
C^X* mdyne/A) 1274 (8.4) ( 9) 2143 (19.0) (22) 
O 
C-X distance, A 1.535 (13) 1.128 (22) 
Bond energy, kcal/mol 166 (17) 256 (23) 
Bond order (estimated) 2.2 ( 4) 3 
1st IP, eV 11.34 (12) 14.01 (22) 
The chemistry of carbon monosulfide has also been 
investigated to some extent. Reaction with halogens gives 
thiocarbonyl halides, or trihalomethyl sulfenyl 
halides, X^ CSX.^  Similarly, HCl and HBr react with CS to 
give thioformyl halides, HXCS; CS also reacts with boron 
halides.^  In the gas phase CS reacts with selenium and 
tellurium to form CSSe and CSTe,^  All of these reactions 
were, of course, carried out at very low temperatures. On 
the basis of its reactivity, CS has been classified both as 
an electrophilic carbene^  and as a weak Lewis base.^  Since 
reaction of CS with electron-rich compounds is not general,^  
the latter description is possibly more accurate. 
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At present carbon monosulfide appears to have only one 
practical application# This is in the CS2/O2 chemical laser, 
in which CS is known to be an active species» 
Synthesis of Thiocarbonyl Complexes 
Direct synthesis of metal thiocarbonyls from free CS 
has been attempted, but with little success. Klabunde ^  al.^  
reported that CS did not react with labile complexes such 
as RhCl(PPh^ )^ , Fe(CO)^  and lîi(CO)^ , but this is hardly 
surprising in view of the very low temperatures at which 
these reactions were necessarily conducted. Yarbrough ^  al.^ *^  
obtained spectroscopic evidence for Ni(CS)^  after the co-
condensation of Ni atoms and CS. However, the product was 
not isolated, and other workers have found the results 
difficult to reproduce.^ ® 
Since the use of CS itself has proved impractical, all 
known metal thiocarbonyls have been synthesized by indirect 
methods. Most of these procedures are essentially variations 
of a single method: reaction of an organic thiocarbonyl 
compound with a metal complex, usually followed by elimination 
of one or more groups, leaving a CS ligand coordinated to 
the metal. Nevertheless it is useful to classify these 
reactions according to the type of thiocarbonyl reagent used. 
The organic thiocarbonyls discussed here are the only com­
pounds presently known to be useful fer the introduction of 
M-CS bonds. 
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Carbon disulfide 
Most of the reactions which form metal-CS bonds employ 
CS2 as the source of CS» Numerous metal complexes form IT-
adducts with In some cases it is possible to effect 
elimination of a sulfur atom from such compounds to yield 
metal thiocarbonyls* Occasionally the elimination occurs 
spontaneously, but in most syntheses this step must be 
assisted# Metal car bony 1 anions also react with 
and in a few instances such reactions can be used to introduce 
a CS ligand. 
Baird and Wilkinson obtained the first metal thiocarbonyls 
d u r i n g  a n  i n v e s t i g a t i o n  o f  m e t a l - I T - C S g  c o m p l e x e s # I t  
was discovered that HhCl(PPh^ )^  reacts with CSg and PPh^  in 
methanol to give trans-RhCl(PPhj)^ CS. Excess PPh^ , which 
(1) RhCl(PPh^)^ + CS2 + PPh^ » RhCl(PPh^)2CS + Ph^PS 
abstracts a sulfur atom from the IT-CS^  intermediate, and 
MeOH are both necessary for maximum yields. The reaction 
works poorly with IrCl(PPh^ )^ , however, and Kubota and 
Carey^  ^found trans»IrCl(PPh^ )) to be a superior starting 
material for preparation of the iridium analog# 
The CS^ /'PPhj^  reaction has been used in the synthesis of 
several other metal thiocarbonyls# Butler and co-workers^ *^^  ^
obtained CpM(C0)2CS (M = Mn, Be) by reaction sequence 2 
(where L = cis-cvclooctene or THF)# Repetition of this 
7 
Vi'O CSp 
(2) CpM(CO)^  + L CpM(C0)2L » CpM(C0)2(ir-CS2) 
PPh, 
 ^CpM(C0)2CS + PhjPS 
sequence starting with CpMfCOjgCS gives CpM(C0)(CS)2> which 
are among the few bis thiocarbonyls known# Upon further 
reaction of CpMnCC0)(CS)2 by this process, IS evidence for 
the tris thiocarbonyl was obtained. The analogous reaction 3 
was used by Jaouen and Dabard^  ^to prepare (arene)Cr(C0)2CS 
CSp PPh= 
(3) (arene)Cr(CO)^  » (arene)Cr(C0)2(ir-CS2) 
(arene)Cr(C0)2CS + Ph^ PS 
(where arene = C^ H^ , C^ H^ COOMe). Other group 6B analogs of 
the arenechromium thiocarbonyls are presently unknown. 
The synthesis of the dimeric, chloride-bridged 
ruthenium thiocarbonyl [SUCI2(PPh^ )2^ 5]2 does not require 
PPh^ ; in fact, the presence of added phosphine prevents the 
CSp 
(If) RuCl2(PPh,), [^RuCl2(PPh^ )2CSj2  ^RuCl2(PPh^ )2(08)2 
formation of this product.Upon prolonged reaction, the 
monomeric bis thiocarbonyl complex is obtained.^  ^ Similarly, 
RuBr^ (PPh^ )2*MeOH gives a thiocarbonyl complex upon reaction 
with CS2 alone.Recently it has been found that reaction 3 
CSp 
(5) RuBr^ (PPh^ )2*MeOH e^flux'^  RuBr^ (PPh^ )2CS 
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above gives higher yields if PPh^  is not present»^  
Roper and co-workers^ '^  ^recently prepared several 
metal thiocarbonyls by alkylation/elimination reactions of 
certain ruthenium, osmium and iridium IT-CS2 complexes. The 
cationic intermediates shown in reactions 6 and 7 contain a 
CS5 Mel 
(6) Su(C0)2(PPh^ )^   ^Su(C0)2(PPh^ )2(ir-CS2)  ^
. EtOH, ao. SCI 
[RU( CO ) 2( PPhj ) 2( CS2Me )] reîlux 
HuCl2(C0)(PPh^ )2CS + MeSH 
Mel  ^ . 
(7) OsCCO)^ (?I>h^ )^ (fn-CS^ )  ^[Os(CO)2(PPh^ )2(C52Me)] ^ 
NaBH, A 
0s(C0)2(PPh^)2(CS2Me)H > OsiCO)^CS 
+ MeSH 
<#-bonded S-methyl dithioester ligand and can be isolated. 
Usually the group eliminated is methanethiol, although the 
osmium ir-CS2 complex in reaction 7 will react directly with 
HCl, as in 6, to give 0sCl2(C0) (PPh^ )2CS and H^ S. 
Methanethiol elimination was also used by Dozabek and 
Angelici^  ^to prepare CpFe(C0)2CS*. The isolable methyl 
dithioester intermediate formed in reaction 8 is ^-bonded, 
in contrast to the preceding examples. Acid cleavage to the 
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CSp Mel fi 
(8) CpFe(C0)2 * CpFe(C0)2CS2"  ^CpFe(C0)2C-SMe 
h"" + 
• CpFeCCO^ CS + MeSH 
thiocarbonyl cation is effected by HCl^  ^or CF^ SO^ H»^  V/nuk 
and Angelici^  ^recently obtained the analogous ruthenium 
thiocarbonyl cation by the same method* Unfortunately, 
this method seems to be applicable only to the very nucleo-
philic^ '^^  ^Fe and Ru carbonyl anions# 
At this point it should be noted that a number of metal 
2 
selenocarbonyls are now known# Since at present the only 
available source of the CSe ligand is CSe2> the methods 
just described are also used in the formation of metal-CSe 
bonds. 
Thiophosgene 
Kubota and Curtis^ "^  found that certain Ir(I) complexes 
undergo oxidative addition of CI2CS, as in reaction 9> to 
give Ir(III) thiocarbonyls# This is an unusual "three-
fragment" addition, since both groups eliminated from the 
thiocarbonyl moiety become bonded to the metal atom# 
(9) IrCl(PPh^ )^  + Cl^ CS IrCl^ (PPh^ )2CS 
Dombek and Angelici^  ^obtained the group 6B thiocarbonyls 
M(CO)^ CS (M = Cr, W) by reaction of the dimeric carbonyl 
10 
anions with thiophosgene (reaction 10). However, only 
(10) M2(C0)^ q "^ + Cl^ CS ^ M(CO)^CS 
only W(CO)^ CS could be obtained in useful amounts. Apparently 
the rather high volatility of Cr(CO)^ CS leads to large product 
losses during work-up of the reaction mixture; a higher-yield 
synthesis of this compound was recently reported (see below), 
Alkyl chlorothioformates 
The oxidative addition of methyl chlorothioformate to 
Pt(PPh^ )^  was studied by Dobrzynski _et This reaction 
yields a thioester intermediate which can be cleaved to give 
S S 
(11) Pt(PPh^ )^  + Cl-C-OMe —trans-PtCK PPh^)^C-OMe 
BF. . 
—^  trans-PtCl(PPh,)^ CS 
the Pt(II) thiocarbonyl cation. The palladium analog was 
also obtained, but was too reactive to be purified. 
The iron thiocarbonyl cation CpFe(C0)2CS'^  was originally 
obtained from the reaction of CpFe(C0)2~ and ethyl or methyl 
chlorothioformate followed by acid cleavage,However, 
this method has been supplanted by the C52/Mel/E^  reaction 
discussed previously. 
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Diphenvl thionocarbonate 
All of the previously mentioned reactions yield complexes 
with terminal thiocarbonyl ligands. However, reaction of 
CpFe(C0)2~ with (PhO)2CS gives which 
contains a bridging CS group. This is the only reaction 
known to introduce a CS ligand directly into a bridge 
position. Further discussion of Cp2Fe2(C0)^ CS will be 
deferred, since the compound is the subject of this 
dissertation. 
Theoretical Interlude: The Metal-CS Bond 
The bonding of CO and CS to metals is believed to 
result from a synergistic interaction of metsil d orbitals 
with ligand (f (donor) and IT* (acceptor) orbitals#^  ^
Molecular orbital calculations on CS^  ^and thiocarbonyl 
complexes^  ^indicate that CS should be a considerably better 
ir-acceptor than CO, owing to the lower energy of the CS IT* 
orbitals, and also a slightly better C-donor. Further, 
the calculations suggest that CS can also act as a IT-donor 
ligand to some extent. The theoretical studies thus predict 
that M-CS bonds should be stronger than their CO counter­
parts, The calculations also predict a smaller positive 
charge for the thiocarbonyl carbon atom. 
The superior iT-acceptor ability of CS has been demon­
strated by infrared^  ^and Mossbauer^  ^studies. Other 
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experimental evidence (see below) also supports the 
theoretical predictions regarding the strength of the M-CS 
bond. Conflicting ionization data reported for several 
metal thiocarbonyls apparently result from the TT-donor 
capability of CS, which makes the ligand more responsive 
than CO to its electronic environment, 
Reactions of Metal Thiocarbonyls 
Reactions at the metal 
Thiocarbonyl complexes such as RhCl(PPh^ )2CS,^  ^
IrClCPPhjjgCS^ S and Ir(C0)2(PPh^ )2CS'^  undergo most of 
the same oxidative addition reactions characteristic of 
their carbonyl analogs, e.g., addition of halogens and 
tetracyanoethylene, but tend to be less reactive toward 
weaker electrophiles such as Eg and HCl. These results 
were attributed to a lowering of the metal electron density 
by the more strongly iT-bonding CS ligand. 
Reaction of W(CO)^ CS with Br^ f followed by addition of 
PPhj, gives the seven-coordinate W(II) complex 
W(C0)2(CS)(PPh^ )2Br2.^  ^ Unlike its tricarbonyl analog, the 
compound does not readily lose a CO ligand to form a six-
coordinate species. The authors suggested that the more 
strongly bonding CS, rather than a CO ligand, occupies the 
unique site in the molecule (a face-capping position) from 
which dissociation ordinarily would seem most favorable. 
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Many ligand substitution reactions of metal thiocarbonyls 
have been reported. As the majority of thiocarbonyl complexes 
also contain carbonyl ligands, most of these reactions involve 
replacement of CO by another ligand. It is generally 
observed, and has been verified by several kinetic 
studies,that thiocarbonyl complexes undergo ligand 
substitution more readily than their carbonyl analogs. 
Further, simple replacement of CS by another ligand never 
occurs in such reactions. Thus, the thiocarbonyl not only 
bonds more strongly, but also has a labilizing effect on other 
IT-bon ding ligands such as and cis-cyclooctene.^  ^ While 
it is tempting to attribute this effect to the strong ir-
backbonding of the CS ligand, it should be noted that many 
kinetic studies of metal carbonyl substitution reactions well 
illustrate the problems in the use of iT-bonding arguments to 
explain reaction rates. 
Examples of metal thiocarbonyl ligand substitutions 
are shown in reactions 12-19* Reactions of the cyclopentadienyl 
CO , PCy= 
(12) IrCl(PPh^ )2CS Ir(C0)2(PPh^ )2CS  ^
Ir(C0)2(PCy^ )2CS'^  
hV PPh= 
(13) CpMn(C0)2CS + olefin »• CpMn(CO)(CS)(olefin) 2^  
CpMn(CO)(PPh^ )CS^  ^
14 
I~ 
(14) CpMh(C0)2CS + NO"^  >• CpMn(NO) (CO)CS"^  *» 
CpMa(N0)(C5)lG4,65 
(15) iC^ E^ )CHCO)^ CS + PPh^  >• ( )Cr(CO ) (PPh,)CS-^  ^
CO , Q 
(16) (CgHg)Cr(C0)2CS 130 atm ** Cr(CO)^ CS^  ^
(17) CpFeCCOigCS* + 2 PMC  ^» CpFe(PhNC)2CS+ ^ 6 
(18) W(CO)cCS + 2 diphos  ^» W(C0)(diphos)2CS^  ^
Ag"*", acetone 
(19) W(CO)cCS + I —^  trans-IW(CO),CS" —  ^
V ——— -Agi 
13 
trans-W(CO)^ (CS)(acetone) —traas-W(CO)^ (^ C^O)CS^  ^
and arene thiocarbonyls are of interest because a chiral 
metal center is formed; recently the enantiomers of 
(o-Me2C^ H^ )Cr(C0)(P(0Ph)^ )CS have been resolved.The car-
bonylation of arenechromium thiocarbonyls (reaction 16) is 
the best method for preparing Cr(CO)^ CS* The IW(CO)^ CS~ 
reaction (19) is particularly interesting because of its 
unusual stereoselectivity# 
Reactions at the CS ligand 
Several metal thiocarbonyl complexes are known to be 
susceptible to nucleophilic attack at the thiocarbonyl carbon. 
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Dobrzynski ^  found that PtCl(PPh^ )2CS''" reacts readily 
with water to give PtCl(PPh^ )2C0'^  and E2S. The reactions of 
CpFe(C0)2CS* and W(CO)^ CS with nucleophiles have been studied 
by Busetto ^  al^ ,^  ^and Dombek and Angelici.^  ^ For these 
compounds (reactions 20 and 21), reaction occurs preferentially 
CpFe(C0)2NCS + N2 
CpFe(C0)2CN + CS2 
S 
CpFeCCOjgC-OMe 
S 
CpFe(C0)2C-NHMe 
NCS 
(20) CpFe(C0)2CS+ 
MeO 
MeNH 
W(CO)cNCS" + N 
MeNH 
(21) W(CO)cCS W(CO)c(MeNC) + H5S 
NMe 
at the CS carbon, even though similar reactions at the 
carbonyl groups should be possible*^ *^^  ^ This reactivity 
seems contrary to the anticipated higher electron density 
16 
oa the es carbon, and also to the observation by Mays and 
Stefanini^  ^that methoxide adds to a carbonyl group of 
Ir(CO)2(PPh^ )Recently, Lichtenberger and Fenske^  ^
suggested that such reactions are controlled "by the energy of 
the ligand frontier orbitals rather than the charge density 
at the CS carbon. In any case, it is not yet known whether 
reaction with nucleophiles is a general property of thio-
carbonyl ligands. 
Metal thiocarbonyls with unusually high electron density 
on the CS ligand can undergo electrophilic addition to the 
thiocarbonyl sulfur atom. Thus, W(CO)(diphos)2CS forms 
W(CO)(diphos)2CS-W(CO)^  and [W(C0)(diphos)2CS-Me] FSO^  on 
reaction with W(CO)^ (acetone) and MeOSO^ F, respectively,^  ^
It appears that of a thiocarbonyl complex must be below 
M200 cm~^ for this type of reaction to occur,although 
spectroscopic evidence for the compound CpMn(C0)2CS*CpMii(C0)2 
was recently reported.^ ? 
Reactions forming bridging thiocarbonyls 
The complex W(C0)(diphos)2CS*W(C0)^  mentioned above 
affords an example of an "end-to-end " bridging thiocarbonyl 
ligand. The first reported thiocarbonyl complex containing 
a "thioketonic" bridge was [CpMh(NO)(CS)] 2» prepared by 
Efraty ^  al.^  ^by the reaction of CpMn(NO)(CS)I with Za 
dust. Shortly thereafter, Dunker ^  al."^  ^reported the 
synthesis of [CpFe(CO)(CS)j2 from CpFe(C0)2CS* and NaH. 
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Wnuk and Angelici^  ^recently obtained the ruthenium analog 
in the same manner; a small amount of the monothiocarbonyl 
analog Cp2Ru2(C0)^ CS was also isolated. In all of these 
compounds, the CS ligands occupy bridge positions only. 
The iron complex reacts with MeOSO^ F to give the isolable 
derivative [Cp2Fe2(C0)2(CS)(CS-Me)]FSO^ , in which one 
bridging CS has been alkylated. 
With the exception of Cpgfe^ XCOj^ CS, which is the subject 
of this dissertation, these are the only examples of this 
type of thiocarbonyl complex presently known. 
Characterization of Metal Thiocarbonyls 
Structural studies 
Several metal thiocarbonyls,including one 
bridging thiocarbonyl complex,have been investigated by 
X-ray crystallography. The compounds studied have either 
structurally equivalent CO and CS ligands, or carbonyl 
75 
analogs whose structures are known. In all cases save one,'^  
the M-CS bond is found to be significantly shorter than the 
corresponding M-CO bonds, in agreement with the expected 
greater strength of the former. The terminal M-C-S linkage 
is essentially linear, as is the case for terminal carbonyls. 
The longest and shortest terminal C-S distances reported 
differ by about 0.070 A, which is somewhat larger than the 
range found for CO ligands. As expected, the C-S bond of 
the bridging thiocarbonyl ligand is significantly longer 
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than that of a terminal CS group. 
Spectra 
The CS ligand exhibits a strong infrared absorption 
resulting from the C-S bond stretching; this band is usually 
at least as intense as a metal carbonyl absorption. 
While the frequency of CO almost always decreases upon 
coordination, the frequency of a CS ligand can be either 
higher or lower than that of free CS. This is not sur­
prising in view of the considerable electronic differences 
between the two ligands. The ranges of frequencies 
observed for the various types of metal thiocarbonyls are 
shown in Table 2. CVgg values for certain compounds dis­
cussed in this dissertation are not included in the table. ) 
In general, the Vçg frequency is inversely related to the 
metal electron density, as is the case for CO frequencies 
in metal carbonyls. For terminal CS ligands, a linear 
correlation exists betweenand the C-S distance, 
showing that changes in the stretching frequency reflect 
actual strengthening or weakening of the C-S bond. 
Numerous ^ C^ NMR spectra of metal thiocarbonyls have 
been reported. Thiocarbonyl carbon resonances are readily 
identified by their positions at extremely low field; the 
range observed to date (exclusive of compounds discussed in 
this dissertation) is 286-352 ppm downfield from TMS.^  
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Table 2. IS ranges for ^<33 in. metal thiocarbonyls 
Type 
Free CS& 1274 
K-CS I409-II6I 
M-C(S)-M^  II5O-III8 
M-CS-M^  1106-1063 
®"In CS2 matrix at -196®C, 
"^Thicketonic" bridge. 
"^End-to-end" bridge. 
(The original assignment of -443 ppm for 0^ 1^ .(00)^ 05^  ^is 
apparently erroneous.^ 7) At present there is no satisfactory 
explanation for this large chemical shift. Another unusual 
feature in the spectra is that replacement of CO by CS 
in a complex causes an upfield shift of the remaining CO 
resonances, whereas substitution of other ligands produces 
p 
the opposite result. This effect is attributable to the 
greater IT-acceptor character of CS relative to other ligands. 
Mass spectra of metal thiocarbonyls generally show 
an M-CS"*" peak resulting from loss of all groups other than 
the thiocarbonyl. This is a further indication of the 
stronger bonding of the CS ligand. 
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The Present Research 
In the course of investigating various organic thio­
carbonyl compounds as possible reagents for metal thiocarbonyl 
synthesis, it was discovered that the reaction of CpFe(C0)2*' 
with (PhO)2CS gave usable amounts of the thiocarbonyl-
bridged complex Cp2Fe2(C0)^CS. Since such compounds were 
(and still are) quite rare, little was known of their 
structures, fluxional behavior, reactivity, or any other 
aspects of their chemistry. Therefore, it was decided that 
the investigation of this new thiocarbonyl complex would be 
an interesting and worthwhile research project. 
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EXPERIMENTAL 
General Procedures 
All reactions were conducted under prepurified Ng that 
v;as passed through anhydrous MgCClO^)^ before use. Unless 
stated otherwise, all reactions were performed at room tem­
perature. Schlenk ware (or similar aparatus) and standard 
O O 
inert atmosphere techniques were used. Amalgam reductions 
were carried out in either the common type of amalgam reduc-
79 tion apparatus ^ or a sidearm round-bottom flask with a drain 
stopcock attached perpendicular to the flask axis, the latter 
vessel being more convenient for small-scale reactions. 
Exchange of for other anions was accomplished with a 
1 X 25 cm column of Amberlite IRA-4OO resin in methanol or 
acetone. In the "slow evaporation" technique mentioned 
below, the compound to be crystallized was dissolved in a 
suitable solvent, and a higher-boiling solvent in which the 
compound was less soluble was added; the solution was then 
evaporated to a small volume (usually 10-15 ml) under 
reduced pressure (50-60 torr) at room temperature with a 
rotary evaporator. 
Spectra 
Infrared spectra were recorded on a Perkin-Elmer 337 
or 237B grating spectrophotometer; NaCl cells with a 1 mm 
path length were used for most spectra. The spectra were 
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expanded on an auxiliary recorder, and the band positions 
were determined using CO gas (CO region) and polystyrene 
(CS region) as references. Band positions are believed 
accurate to within 2 cm~^. 
Proton NMR spectra were obtained with a Varian A-60 
spectrometer. Variable-temperature NMR spectra were run 
on a Varian HA-100 instrument. All ^^C NMR spectra were 
recorded on a Bruker HX-90 Fourier transform spectrometer; 
Cr(acac)^ ('^55 mg/ml) was added to the samples to reduce 
RO data collection tine. TMS was used as the internal 
reference for all spectra. 
Visible spectra were obtained with a Gary 14 uv-visible 
spectrophotometer. 
Other Physical Measurments 
Conductivity measurements were determined in nitromethane 
using an Industrial Instruments RC-16B2 conductivity bridge 
and a conductance cell with k = 0,348 ca~^. Melting points 
were obtained with a Thomas Model 40 melting point apparatus 
and are uncorrected. Elemental analyses were performed by 
Galbraith Laboratories, 
Solvents 
Commercial decalin was washed with concentrated 
H2SO4 and then with water, dried over anhydrous CaSO^, 
and fractionally distilled from sodium under N2 through a 
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30-cm Vigreux column, Butyronitrile v;as fractionally 
distilled under from CaH2 and then from P^O^Q, through 
a 30-cra Vigreux column. Nitromethane for conductivity 
measurements was dried over and then fractionally 
distilled twice under N2 through a 30-cm Vigreux column; 
the solvent thus obtained had a specific resistance of 
g- 0*1 
^,2 X 10^ ohms, as recommended for conductivity work. 
Tetrahydrofuran was distilled from LiAlH^ or NaK2 g immedi­
ately before use. All other solvents used were commercial 
reagent grade products. Acetone was stored over CaSO^; 
other solvents were kept over Baker type 4A molecular 
sieves. Solvents were deaerated by flushing with N2 before 
use. 
Reagents 
Organic compounds 
Phosphines and phosphites were fractionally distilled 
or, where appropriate, recrystallized. Amines requiring 
purification were fractionally distilled from KOH. Impure 
alkyl halides were shaken with 1 M aqueous Na2S20^ and then 
dried with CaSO^. Thiirane,®^ methyl isocyanide^^ and 
phenyl isocyanide^^ were prepared by literature methods. 
Commercial [PR'lJCl was crystallized from acetone/Et20; 
tPPNlN- was prepared from [PPNlCl and NalJ^ by the usual 
metathesis procedure.Commercial Et^NBr was dried over 
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P^O^Q. A solution of CH2N2 in.Et^O was provided by 
G, Senatore. 
Inorganic and metal carbonyl compounds 
Sodium amalgam {<L%) v;as stored under K2 transferred 
to reaction vessels by syringe. Commercial Nal, AgPFg, and 
AgBF^ were dried over ^1^2.0* complex PtCl2(PiiCN)2 was 
obtained by a published method. 
The complexes [CpFeCCO)^] 2 [ (MeC^H^)Fe(00)2] 2 
were recrystallized from 3^1 hexane/CH2Cl2 at -20°. The 
metal carbonyls M2(C0)^q (M = Mn, Re) were sublimed (70°, 
0.01 torr) and used in the preparation of M(C0)^Er^7)88 ^nd 
[M(CO)^(MeCN)]PF^.®^ Trans-PeCCO^CPPh^j^Br^'^ was obtained 
by refluxing Re(CO)cBr with excess Ph^P under N2 in toluene 
for 18 hr. The anionic carbonyl halides Et^NlM'(CO)^I] 
(M' = Cr, Ko, V/) were prepared by the literature method;^^ 
a sample of Bu^N[IW(CO)^CS] was kindly provided by 
W. Greaves. Other metal carbonyl halides used in this work, 
e, g. CpV/(00)^01 and CpFe(C0)2Cl, were samples prepared 
several years ago by \V, Jetz. The complex [CpFe(C0)2(THF) 1BF^ 
gp 
was obtained by the published procedure. 
Other comDOunds 
All other reagents used in this research (except those 
mentioned below) were commercial products of the highest 
purity available and were used as received. 
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Preparation of Thiocarbonyl Reagents 
Technical grade thiocarbonyldiiinidazole [(C^Hyl2)2CS] 
was extracted with THF, precipitated with hexane, and then 
sublimed (95°» 0.2 torr). Phenyl chlorothioformate 
[Cl-C(S)-OPh and di phenyl tri thiocarbonate [(PhS)2CS]^^ 
were obtained in satisfactory yields by literature methods. 
The published procedures for methyl chlorothioformate 
[ Cl-C(S)-OMeand diphenylthionocarbonate [(PhO)2CS]^^ 
gave poor yields, and were modified as described below. 
Methyl chlorothioformate 
Thiophosgene (15.2 ml, 23.0 g, 0,20 mol) v;as added to 
a Schlenk tube of about 200 ml capacity, and the vessel and 
contents were then cooled to 0°C in an ice bath. Methanol 
(16,0 ml, 12,7 gJ 0,40 mol) was added slowly from a syringe 
so that a two-layer reaction mixture was obtained. The tube 
was then immersed in a special water bath. This bath con­
sisted of an inverted polyethylene bottle (0,9 X 25 cm) with 
the bottom removed, clamped to a ring stand; the neck of 
the bottle was connected (by rubber tubing to a water tap, 
so that a continuous stream of water at ^15°C flowed around 
the reaction vessel. The tube was vented to a mineral oil 
bubbler containing KOH pellets to absorb KCl generated during 
the reaction. On standing for 5 days, the layers gradually 
merged to form a yellow-orange solution. 
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The reaction mixture v;as poured into 40 ml of ice water 
in a separatory funnel, and the resulting mixture was 
extracted twice with 4O ml of The combined extracts 
were dried over CaSO,, and the ether was then removed under 
4 . 
reduced pressure (aspirator). Distillation of the residual 
liquid at atmospheric pressure under N2 through a 10-cm 
vacuum-jacketed Vigreux column gave three fractions: orange, 
b.p. 70-73° (unreacted CI2CS); bright yellow, b.p, ^ 90-95* 
(unknovm impurity); light yellow, b.p. ~95-100° (product 
plus some impurity). Redistillation of the third fraction 
gave fairly pure Cl-C(S)-OMe as a pale yellow, fuming liquid, 
b.p. 100-103° J d. ~1.28 g/ml. Yields were typically 25-30?b. 
NMR(CDCl^): 64.17. 
Piphenyl thionocarbonate 
The reaction was conducted under H2 a 500-al 3-%eck 
flask equipped with a motor-driven paddle stirrer. (A 
magnetic stirring bar is inadequate, as the reaction mixture 
gradually becomes rather viscous.) Phenol (30.1 g, 0132 mol) 
and 350 ml of THF were added, and then NaH (7.68 g of 
crystalline IlaH or 13.5 S of 37% oil dispersion, 0.32 mol) 
was added in small portions to the stirred solution. 
(Caution: Vigorous evolution occurred, and the mixture 
became warm.) After all the hydride had been added, the 
mixture was stirred until gas evolution had ceased and the 
solution had cooled to room temperature (about 2 hr). (If 
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NaH oil dispersion was used, the NaOPh solution was nearly 
black at this point.) The flask was then equipped with an 
equipressure dropping funnel and a rubber stopper/thermometer 
assembly, A solution of CI2CS (11.5 ml, 17.3 g, O.I5 mol) 
in 50 ml of THF was added from the funnel to the stirred 
phenoxide solution at such a rate that the temperature of 
the reaction mixture did not exceed 50°; this step required 
about 1.5 hr. As the reaction proceeded the mixture became 
light brown and quite thick. When all the CI2CS had been 
added, the funnel was replaced with a condenser, the flask 
was equipped with a heating mantle, and the mixture was 
refluxed for 1 hr. The mixture was then cooled and evaporated 
to dryness under reduced pressure. The residue v;as extracted 
with 500 ml of Et20, and the mixture was filtered through a 
3-cm layer of Celite packed in a coarse frit filter. The 
filtrate was transferred to a separatory funnel and washed 
once with I50 ml of 3% aqueous NaOH and twice with I50 ml 
of water. After drying over CaSO^, the solution was boiled 
with 1 g of decolorizing carbon for 5 min, cooled and 
filtered through Celite as before; the filter material v/as 
washed with an additional 100 ml of Et20. The filtrate v;as 
diluted to 1200 ml with hexane and evaporated to about 550 
ml by boiling carefully on a hotplate. On cooling to room 
temperature, the (PhO)2CS crystallized as pearly, nearly 
colorless leaves (m.p. 107°). An additional batch was 
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obtained by evaporating the filtrate from the first crop to 
about 90 ml and cooling as before. The combined yield was 
usually 85-90/5. 
Substituted aryl thionocarbonates, (p-XC^H^0)2CS, were 
also obtained in good yields by this method (e.g., 65% for 
X = HeO and 78% for X = CI). The p-NO^ analog was prepared 
by T. Wnuk in 75% yield by refluxing stoichiometric amounts 
of p-nitrophenol and Cl^CS with excess Ne^CO- in THF under 
for 12 hr. 
Synthesis and Reactions of Thiocarbonyl Complexes 
Reaction of Re(CO)r" with CSo/i-'el 
Dirhenium decacarbonyl (1.50 g, 2.3 mmol) in 30 ml of 
THF was stirred with 1% Na(Hg) (5 %1) for it hr to give a 
clear yellow-orange solution of Na[Re(C0)^]; the excess 
amalgam was then drained off. Addition of CS2 (5«0 ml, 
6.4 g, 84 mmol) caused an immediate color change to deep red. 
After 20 sec, Mel (5.0 ml, 11 g, 78 mmol) was added, giving 
a deep red-purple solution; in the following 30 sec the color 
faded somewhat to orange-purple. Evaporation of the mixture 
gave an orange oil that seemed to consist mainly of Re(CO)^I 
(IR bands at 2145 w, 2010 vw, 2042 vs, 1995 s in pentane) 
and another product, possibly the dithioester compound 
Re(C0)^CS2He (IR bands at 2072 w, 1953 vs, 2000 s). However, 
attempts to isolate this second product were unsuccessful. 
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Reaction of the orange oil with CF^SO^H in Et^O gave some 
evidence for the formation of Re(CO)^CS^ (see below), but 
this was clearly a minor product. 
Reaction of Re(CQ)^" with Cl-C(S)OMe/CF^SO^H 
A solution of Na[Re(CO)^] v/as prepared by reducing 
RegCCOj^g (1.50 g, 2.50 mmol) in 40 ml of THF with 1% Na(Hg). 
The solution was transferred by syringe to an equipressure 
dropping funnel and added over a period of 20 rain to a 
stirred solution of C1-C(S)-0CH^ (1.0 ml, 1.3 g, 12 mmOl) 
in 10 ml of THF. The mixture was stirred for an additional 
30 min and then filtered, giving a white residue (shown by 
qualitative tests to be KaCl) and an orange solution. A 
brown oil was obtained upon evaporation of the solvent under 
reduced pressure. This substance was- shov/n by IP to be a 
mixture of several products. An attempt to isolate the 
desired product, Re(CO)^C(S)OMe, by column chromatography 
was unsuccessful. 
The reaction was repeated, and the oily product was 
dissolved in 40 ml of Et20 to give a dark brown solution. 
Addition of CF^SO^H (5 ml of a 1 K Et^O solution, 5 mmOl) 
caused the immediate formation of a white precipitate, 
tentatively identified as [Re(CO)^CS]CF^SCy by its IR 
spectrum. After 1 hr the product was filtered off, washed 
with Et20 and dried m vacuo. Yield: 0.30 g. 
IRCCH^Clg): 2173 w, 2080 s, 2033 m-s, (KBr) 1363 m-s. 
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The compound decomposed fairly rapidly in solution, as 
evidenced by the disappearance of the three IE bands and 
the growth of a nev; band at 2048 crn"^. Reaction with water 
or atmospheric moisture gave 1123 and a yellowish residue. 
Addition of [PPNIN^ to the compound in CI12CI2 resulted in 
vigorous gas evolution and formation of a yellow solution; 
the IR spectrum showed several nev; bands, including one at 
^2120 cm~^ suggesting an ÎTCS or NCO ligand. 
Reaction of Re( C0)^( PPh^)^" with CSVMel 
Potassium (0,51 g, 13 minol) v/as added in small pieces 
to 5 ml of rapidly-stirred Hg at 60° to form ^0.75% K(Hg), 
After cooling, the amalgam v/as transferred by syringe to 
the reduction flask. A solution of trans-Re(CO)^(PPh^)^Br 
(0.44 g, 0.50 mmol) in 75 i^l of TIIF v/as added, and the 
mixture was stirred vigorously for 6-7 hr, giving a yellow-
orange suspension of K[Re(C0)-(PPh^)2]. [If the amalgam 
was more concentrated than '\,0.75?a, it solidified during the 
initial stages of the reaction. The identity of the product 
v/as established by its reaction with Mel to give 
trans-Re(C0)^( PPh.i^Me: IR(CHCl^): 2025 vw, 1927 s, 1885 rn; 
NKR(CDCl-): 6-0,9 (triplet. Me).] The excess amalgam 
v/as removed, and then CS2 (1.0 ml, 1.3 g, 17 mmol) was added, 
giving a turbid grayish-white mixture. After 2 min, Mel 
(1.0 ml, 2,2 g, 16 mmol) v/as added, whereupon the mixture 
became cloudy orange. The reaction mixture v/as stirred for 
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an additional 10 min, filtered through Celite, and evaporated 
to dryness under reduced pressure. Extraction of the residue 
with CS^ followed by filtration gave an orange solution, from 
which an orange solid was precipitated by addition of hexane. 
The IR spectrum suggested that this product could be the 
desired compound, trans-ReC COKC PPh-^)2CS2Me; however, the 
NI-S spectrum contained no methyl resonance, 
IR(CHCl^): 2050 w, 1956 s, 1923 m, (CS^) 1237 w. 
Preparation of CaFe(C0)2CS2Me and fCnFeCC0)2CSl CFvSOv 
Although satisfactory methods for the preparation of 
CpFeCCO^CS^Me and CpFe(C0)2CS' are available,recent 
improvements in these procedures warrant their inclusion in 
this dissertation. The use of CF^SO^H rather than HCl in 
the synthesis of the thiocarbonyl cation is of particular 
importance. 
Cyclopentadienyliron dicarbonyl dimer (14.2 g, 40.1 mmol) 
in 230 ml of THF was stirred with 1,1% Na(Hg) (1? ml, 0,96 mmol 
Na) for 1 hr to give a solution of Na[CpFe(00)2] • (A much 
cleaner reaction mixture was obtained if the amalgam was 
prepared in a separate flask and then transferred by syringe.) 
After removal of the excess amalgam, CS^ (8.2 ml, 9*1 g, 
120 mmoi) was added to the rapidly-stirred solution. After 
13-20 sec (^ more than 30 sec), Mel (8.2 ml, 18.1 g, 128 
mmol) v/as added. At this point the mixture was yellow-brown 
and cloudy, ov/ing to the formation of CpFefCOjgCS^Me and 
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precipitated NaT. (Caution : It was important to use at 
least the specified amount of THF. On this scale the 
alkylation step was highly exothermic; if insufficient solvent 
was used, the reaction mixture boiled violently out of the 
flask.) The mixture was stirred for an additional 20 min and 
then evaporated to dryness under reduced pressure. The 
residue was extracted with 200 ml of EtgO, and the mixture 
was filtered through Celite to give a dark yellow-brown 
solution. 
If the dithioester compound was desired, the solution 
was evaporated to dryness under reduced pressure. The residue 
was recrystallized from hexane at -20° to give a G0% yield 
of yellow-brown CpFe(C0)2CS2Me, 
IR(hexane): 2035 vs, 1988 vs, NMR(CC1, ) : 52,30(Me), 
4.82(Cp), 
If the thiocarbonyl cation was desired, CF^SO^H (8,9 ml, 
15 gJ 100 mmol) was added to the Et20 solution from an 
equipressure dropping funnel over a period of 1 hr. The 
mixture was stirred for an additional 2 hr, and the pre­
cipitated [CpFe(C0)2CS]CF^S0^ was filtered off and washed 5 
times with Et^^O. The crude product was dissolved in 200 ml 
of acetone and re-precipitated by slow addition of 600 ml of 
hexane to give brown-gold crystals of the product in 73-80% 
yield. The compound is slightly moisture-sensitive, and 
therefore was stored in a desiccator over CaSO,, with a small 
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beaker of PbCOAc)^ to absorb any E^S evolved, 
IRCCHgClz): 2105 s, 2071 s, 1353 s. NHR(d^-acetone): 
56.05. 
Preparation of Cn^Fe^CC0)^CS 
A solution of î'Ia[CpFe( 00)2] was prepared by stirring 
[CpFe(C0)2]2 (11-5 S> 31.5 minol) with 1% Na(Hg) (I4 ml, 
'^80 mraol Na) in I30 ml of THF for 45 %in. After the excess 
amalgam was drained off, a solution of (PhO^^S (6.90 g, 
30,0 nmol) was added to the stirred reaction mixture from 
an equipressure dropping funnel over a period of 5-10 min, 
A mildly exothermic reaction with vigorous evolution of CO 
occurred, giving a dark brown solution. The mixture was 
stirred for an additional 10 min and then evaporated to a 
moist residue under reduced pressure; the residue was dried 
in vacuo for 15-20 min. (Evaporation to dryness gave a rock-
hard solid that was very difficult to extract,) The residue 
was stirred with 25O ml of for 20 min and the mixture 
was filtered through G elite; the gummy residual material ;vas 
washed with another 50 ml of CS2. The volume of solution 
was reduced to about 120 ml, using a rotary evaporator and 
a room-temperature water bath. Any solid that precipitated 
at this point was found to consist almost entirely of 
[CpFe(00)2] £9 and v;as separated by filtration through a 
coarse frit filter. The solution was then chromatographed 
on a 25 mm X 1 m Florisil column by eluting first with 100 ml 
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of CS2, and thereafter with a CS^/CH^Cl^ mixture. Four 
bands always developed; in order of elution these were: light 
orange (identified by IR and Nî-îR spectra as [CpFe(C0)2] 2^S), 
pale yellow (unreacted (PhO)2CS), black (Cp2Fe2(CO)-CS) and 
dark red ([CpFe(C0)2]2)* Resolution of the thiocarbonyl and 
dimer bands was never complete, but only a small amount of 
Cp2Fe2(CO)^CS remained on the column when [CpFe(C0)2]2 
began to elute, (In the latter stages of the elution, the 
composition of the eluate was monitored by IR to prevent 
contamination of the product with [CpFe(C0)2] 2») The 
thiocarbonyl solution was filtered and then evaporated slowly 
to give shiny black crystals of Cp2Fe2(CO)^CS. The product 
was transferred to a frit filter, washed 3 times with cold 
(0°) pentane, and dried in vacuo. A typical yield v;as 4»77 g 
(12,9 mmol, 43%)* The analytical sample was recrystallized 
from hexane at -20°. 
IRCCSg): 2005 vs, 1968 s, I8O9 m-s, II30 m. NMRfCSg): 
64.65, 4.73 (4:7 ratio). iniR(CDCl^): g90.1, 92.1 
(Cp, 5:2); 208.5, 209.3 (terminal CO, 5:2); 267.7 (bridge CO); 
378.1 (CS). Mass spectrum: parent ion at m/e 370. MP: 
159-161°. Anal. Calc. for C^QH^^Fe20^S: C 45.45, H 2.72, 
S 8.66. Found: C 45.32, H 2.72, S 9.19. 
The analogous reactions of CpFe(C0)2~ with (p-ClC^H^0)2CS 
and (p-MeOC^H^O)2CS afforded Cp2Fe2(C0)^CS in 35% and 44%, 
respectively, while reaction with (p-N02CgH^O)2CS gave no 
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thiocarbonyl complex. 
Reaction of (IieC^H^)Fe(C0)2*" with (PhO)2CS in the same 
manner gave the inethylcyclopentadienyl analog. After 
chromatography, the product was crystallized from hexane at 
-20® to give purple needles of (KeCcn^)2Fe2(C0)%CS in 53% 
yield. 
15(062): 2001 vs, 1962 s, I8O4 m, 1125 m, NKÎ?(dg-acetone) : 
62,13 (Me), 4.60-4.85 (multiplet, C^H^). 
Reactions of Cx)Fe(CO)^ with other thiocarbonyl reagents 
The anion CpFe(C0)2~ reacted with Cl-C(S)-OPh (2:1 
molar ratio) in THF at 0° to give, after chromatography, 
€02^^2(00)^05 in 5-6% yield. The major product of this 
reaction was [CpFe(00)2]oj a large excess of the chloro-
thioformate was used, an appreciable amount of CpFe(C0)2Cl 
was also produced. In similar reactions at -78°, (PhS)2CS 
and 2^S gave only trace amounts of the thiocarbonyl 
complex, and Cl^CS gave none at all. In these reactions 
the major product was again [CpFe(C0)2]2* 
Reaction of equimolar amounts of 0pFe(C0)2~ and 
[CpFe(00)205] CF^SO^ in THF at -78° gave [OpPe(CO)2]2 
and very small amounts of 0p2Fe2(00)^05 and [OpFe(OO)(CS)12* 
In contrast, the analogous reaction with 0pFe(00)2052Me 
at room temperature gave the carbonyl dimer (major product) 
and a 25% yield of the thiocarbonyl complex. 
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Preioaration of CziFefCO^^CfS^OPh 
A solution of NaOPh v/as prepared by addition of NaH 
(0,60 g, 25.0 rninol) in small portions to a solution of 
phenol (2,35 g, 25.0 mmol) in 75 nil of THF. After all the 
hydride had reacted, [CpFe(C0)2CS]CF^S0^ (9.25 g, 25.0 mmol) 
v/as added and the mixture was stirred for 1 hr. The solvent 
v/as then removed under reduced pressure, and the residue v;as 
extracted with 100 ml of CS^. After filtration, the solvent 
was evaporated under reduced pressure to give a dark yellow-
brown oil which could not be made to crystallize. Attempted 
purification by chromatography on Florisil resulted in 
decomposition of the product. 
IR(hexane) : 20Z|.2 vs, I966 vs, 
Reaction of CpFe(00)^0(S)OPh with CpFeCCO)^" 
The phenylthioester was prepared as above, A solution 
of Ka[CpFe(C0)23 J obtained by ITa(Hg) reduction of 
[CpFe(C0)2]2 (o.20 g, 17.5 mmol) in 60 ml of THF, was added 
from an equipressure dropping funnel to the stirred 
CpFe(00)20(S)OPh solution over a period of 5-10 min. 
Vigorous evolution of gas occurred, and the mixture became 
very dark brovm. After an additional 10 min, the solvent 
was removed under reduced pressure. Chromatography of the 
residue as described previously for the isolation of 
Cp2Fe2(00)^CS gave [CpFe(CO) (OS) ]2 (green band, yield ~0.2 g), 
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Cp2Fe2(C0)^CS (36% yield) and LCpFeCC0)2J2* The 
monothiocarbonyl product was slightly contaminated with 
the bis-thiocarbonyl complex. 
Preparation of [Ce( CO) 
The thioester CpFe(CO)2C(S)OPh ($.0 mmol), prepared and 
isolated as before, v/as dissolved in J>0 ml of CH2CI2. 
Methyl fluorosulfonate (O.5O ml, 0.70 g, 6.2 mmol) was 
added; and the solution was stirred for 30 min. An IS 
spectrum of the reaction mixture showed bands at 2059 vs 
and 2019 s, presumably from the cationic carbene 
[ CpFe(C0)2C(SMe) (0Ph)3 FSO-. The solvent v;as removed 
in vacuo, leaving a yellow-brovm oil that would not 
crystallize. Ion exchange in acetone gave the PFg~ salt, 
which was also an oil. Addition of MeOH caused an 
immediate reaction, giving solid [CpFe(CO)2C(OMe)23PFg and 
MeSH, The product was recrystallized from MeOH at -20° to 
give small, pale yellow crystals in 44% yield. 
IÎ?(CÏÏ2Cl2): 2068 vs, 2020 s. NIŒ( dg-ac et one) : 
54.42 (Me), 5.65 (Cp). ^^ C NMR (dg-acetone): 6 85.0 (Cp), 
207.0 (CO), 248.6 (carbene C), Me resonance obscured by 
solvent peaks. MP: dec. 200-205*. Anal. Calc. for 
Cio%iFgFe04P: C 30.33, H 2.80. Found: C 31.78, ÏÏ.2.98. 
Reaction of CT)2Fe2(C0)^CS with halogens 
Addition of a saturated solution of CI2 in CCl^ to 
Cp2Fe2(C0)jCS in CCl^ at 0° caused the immediate formation 
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of a gummy brown-black precipitate. Extraction with 
gave a brovm solution; the bulk of the precipitate was 
insoluble in all solvents, however. The IP spectrum of the 
extract showed CO bands at ^2090 w-m, 2060 s and 2030 m, 
but contained no CS absorption. 
The thiocarbonyl complex reacted rapidly with a three­
fold excess of Br^ or in CS^ to give small amounts of 
CpFeCCO)^^ and CpFe(CO)(CS)X, which were identified by their 
IR spectra. However, in both cases the major product was 
an insoluble black tar much like that obtained in the CI2 
reaction, 
IR of CpFe(C0)(CS)X (CSg): X = Br, 2032 s, I3IO vs; 
X = I, 2023 s, 1301 vs. 
Reduction of Cr^Fe^CCO^^CS and préparation of C"PFe(C0) (CS)SnPh^ 
A solution of C-p^Fe^iCG)-^CS (1,11 g, 3.00 mmol) in $0 ml 
of THF was stirred vigorously with 1% ITa(Hg) (2,0 ml, 
'\'ll mmol Na) for 7-8 min to give a red-brown solution of 
:-Ia[CpFe(C0) (CS)] and Na[CpFe(00)2^ . The excess amalgam 
(which had turned into a sand) was drained off, and Ph^SnCl 
(2.31 g» 6,00 g) was added, causing an immediate color change 
to yellow-brown, After 10 min the solvent was evaporated 
under reduced pressure and the residue was extracted with 
30 ml of CS2, Chromatography on Florisil column (18 X 700 mm) 
with CS2 gave a bright yellow band (CpFe(CO)(CS)SnPh-) 
followed closely by a pale yellow band (CpFe(C0)2SnPh?, plus. 
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in the later stages of elution, some unreacted Ph^SnCl, 
Evaporation of the thiocarbonyl solution gave a sticky 
yellow-brown residue, which v/as recrystallized from hexane 
at -20° to give golden yellow needles of CpFe(CO)(CS)SnPh^ 
(58%). 
IRCCSg): 1978 s, 1288 vs. "H NKRCCSz): 64.78 (Cp), 
7.20-7.70 (multiplet, Ph). NMR(CDCl^): 684.4 (Cp), 
127.6 (Ph), 136.1 (Ph), 142.9 (Ph), 213.9 (CO), 314.8 (CS). 
MP: 124-126°. Anal. Calc. for C^ H^^ QFeOSSn: C 53.29, 
H 3.71, S 3.90. Found: C 55-61, H 3.85, 6.19. 
The analogous reaction with Ph^GeBr gave yellow 
CpFe(CO)(CS)GePh^ in ll?i yield. 
IP(CS2): 1982 s, 1289 vs. NMS^ CS^ ): 64.69 (Cp), 
7.15-7.60 (multiplet, Ph). 
Reaction of CpFe(CO)(CS)" with other organometallio, halides 
The thiocarbonyl anion appeared to react with PhHgCl 
and Ph^PbCl to give the desired arylmetal derivatives. 
However, these products were not stable to chromatography 
and could not be isolated, Reaction of CpM(CO)^Cl (M = Mo, 
W) with CpFe(CO)(CS)" gave only [CpKfCO)^]^, Cp2Fe2(C0)^CS, 
[CpFe(C0)2]2 & small amount of [CpFefCOjfCSjjg; there 
was no evidence of the formation of mixed metal thiocarbonyls. 
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Reaction of Ç-pFeCCO) (CS)" with Mel and HeOSO^F 
The thiocarbonyl (0.74 g, 2.0 mmol) was reduced with 
1% Na(Kg) (1.5 ~8.6 ininol Na) in 40 ml of THF. After 
removal of the excess amalgam, Mel (0.50 ml, 1.1 g, 7.8 mmol) 
was added, and the solution v/as stirred for 10 rain. The 
brovm reaction mixture was evaporated to dryness under 
reduced pressure, and the residue was extracted with 30 ml 
of CS2' After filtration, the solution v/as chromâtographed 
on an 18 X 700 mm Florisil column. Development with 
gave six bands: yellow, orange, gray, green black and red. 
The yellow band v/as eluted with CS2 and contained CpFe(C0)2He, 
identified by its IR spectrum. The orange band was also 
eluted with CS2, and on evaporation yielded «vO.l g of an 
orange-brown solid, tenatively identified by its spectra as 
CpFe(CO)(CS-He), Elution of the gray band with 9:1 
CS2/CH2CI2 gave ~0.15 g of an unidentified black solid. 
The three remaining components were eluted with 5:2 
CS2/CH2CI2 and were identified by IS as [CpFe(CO)(CS)]2j 
Cp2Fe2(C0)3CS and [CpFe(C0)2]2? respectively; only very 
small amounts were obtained. 
IR of orange compound (CS2): I960 vs. îIHR(CS2): 
«2.55, 4.57 (5:5 ratio). 
IR of black product : 1965 vs, 1273 m, 1205 m. 
NKECCSg): 62.47, 2.52, 4.62 (3:3:5 ratio). 
Use of Me0S02F instead of Mel in this reaction gave 
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CpFe(C0)2-e, and a black product which appeared to be ionic 
and was not investigated further. 
Reaction of C-pFeCCO) (CS)" with CS^/'-'el 
The thiocarbonyl complex (0,74 g> 2.0 mmol) was reduced 
with 1/j Na(Hg) (1.5 ml, ^-8.6 mmol Na) in 40 ml of THF. 
Addition of CS2 (0.50 ml, O.64 g» 8.4 mmol) followed after 
10 sec by Mel (O.5O ml, 1.1 g, 7.8 mmol) gave a dark brovm. 
solution, which was stirred for 10 min and then evaporated 
to dryness. The residue was insoluble in hexane or CS^. 
Extraction with CH2CI2, filtration, and evaporation of the 
solvent in vacuo gave a dark brown solid. This product 
appeared to be a mixture of two ionic compounds, but the 
components could not be separated or identified. 
I5(CH2Cl2): 2025, 1986 s, 1955 s, 1047 w. 
Reaction of CuFeCCO)(CS)SnPh^ with (R = Me. Pr. Cy) 
A slow stream of MeMH2 was bubbled through a solution 
of CpFe(CO)(CS)Sn?h^ (0.27 g, O.5O mmol) in 50 ml of Et^O 
for 5 min; a green color immediately developed. On stirring 
the mixture for 3 hr at RT, a yellow solution and a small 
amount of greenish precipitate were obtained. The mixture 
was evaporated under reduced pressure, and the residue was 
extracted with 30 ml of 1:1 hexane/CS2. The resulting 
solution was filtered and then eluted through a Florisil 
column (18 X 500 mm) with the same solvent mixture. 
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Evaporation of the eluate and slow crystallization (2-5 weeks) 
of the residue from hexane at -20° gave golden needles of 
the isocyanide complex, CpFe(CO)(MeNC)SnPh^, in 7k% yield, 
IS(hexane): 211? m, 1945 s. 62.70 (Me), 
4.48 (Cp), 7.10-7.60 (Ph multiplet). MP: 90-91°. Anal. 
Calc. for C2gK2^FeN0Sn: C 57»S3j H 4»29. Found: C 57.98, 
H 4.20. 
Reaction of CpFe(CO)(OS)SnPh^ (0.10 g, 0.18 mmol) with 
Pr-I\'H2 (0.20 ml, O.I4 g, 2.4 mmol) and pyridine (0.10 ml) in 
30 ml of hexane or Et20 gave CpFe(CO) ( PrIIC)SnPh^. The 
reaction required about 20 hr to reach completion; the yield 
was not determined. 
IR(hexane): 2115 m, 1946s, 
The analogous reaction of the thiocarbonyl (0,10 g, 
0,18 mmol) with CyNB^ (O.3O ml, 0,26 g, 3.0 mmol) and pyridine 
(0.10 ml) in 30 :^1 of hexane required 3 days. The product, 
CpFe(CO)(CyNC)SnPh^, was isolated as a yellow powder (25%). 
Ir?(hexane): 2115 m, 1947 s. 
Reaction of CoFeCCO)(CS)SnPh^ with ethylenediamine 
The thiocarbonyl complex (0.27 g, O.5O mmol) was stirred 
with ethylenediamine (0.20 ml, 0,18 g, 3*0 mmol) and pyridine 
(0.10 ml) in 40 ml of Et20 for 12 hr. Evaporation of the 
solvent under reduced pressure extraction of the residue with 
30 ml of CS2, and filtration gave a yellow solution of the 
aminocarbene complex CpFe(C0)(CN2C2H^)SnPh^. The solvent 
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v;as removed vacuo, and the product was recrystallized 
from 9:1 hexane/Et^O at -20° to give small yellow-brown 
crystals (46%). 
IRfCSg): 1893 s. NIIBCCS^) : 53.05 (doublet, CH^), 
4.38 (Cp), 3.43 (broad, KH), 7.10-7.60 (multiplet, ?h). 
MP: dec. 123-130°. Anal. Calc. for C2<^H2gFeN20Sn: C 36.99, 
H 4.61, N 4.92. Found: C 36.86, H 4.62, I! 4.93. 
The similar reaction with ethanolamine was much slower 
('V36 hr), and converted the CS ligand to an isocyanide rather 
than a carbene. This product v;as not isolated. 
Reaction of C-p^Fe^C 00)^03 with PEt^ in methylcyclohexane 
A mixture of Cp2Fe2(C0)-CS (0.20 g, 0.34 mmol) and PEt^ 
(0.13 ml, 0.12 g, 1.0 mmol) in 4O ml of methylcyclohexane 
v;as refluxed for 2.3 hr. The resulting dark green solution 
was evaporated to dryness under reduced pressure at 60°, the 
residue was extracted with 23 ml of and the extract 
was chromatographed on a 10 X 200 mm Florisil column. Carbon 
disulfide eluted a yellow compound that was identified by 
IB and NMR as Cp^^e. Slution with 20:1 CS2/Et20 gave a 
deep green solution, which was evaporated under reduced 
pressure. The residue was redissolved in 20 ml of CH2CI2, 
and the solution was filtered. Addition of 30 ml of hexane 
followed by slow evaporation gave black crystals of 
Cp2Fe2(C0)2(CS)?Et^ (63%). The analytical sample was 
recrystallized from hexane at -20°. 
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ISfCSg): 1943 vs, 1764 s, 1102 in. "Il (CDCl^) : f 
G.70-1.60 (i.-.ultiplot. Pit-), 4.55 (doublet, Cp), 4.80 (Cp). 
-^ C u^ RCCDCl^ ): 07.I7 (PEt^ ), 17.3 (doublet, PEt.), 88.5 (Cp), 
89.7 (Cp), 216.0 (terminal CO), 276.3 (doublet, bridge CO), 
396.3 (doublet, OS). MP: 142-144° dec. Anal. Calc. for 
CigHzcFezOgPS: C 38.74, % 4.55, S 5.17. Found: C 38.80, 
H 4.55, S 5.03. 
Reaction of Cn^Fe^fCO)^CS with PSt^ in acetonitrile 
The thiocarbonyl complex (0.20 g, 0.54 mmol) and PSt^ 
(0.12 ml, 0.10 g, 0.82 mmol) v/ere refluxed in 3O cil of CH^CN 
for 30 min. The solvent was removed ^  vacuo, the residue 
v/as extracted v/ith 40 ml of szid the solution v/as 
chromatographed on a 10 X 120 mm Florisil column. The product 
was eluted with 10:1 CSp/^tpO. Slow evaporation of a 
hexane/CH2Cl2 solution as before gave an 87/3 yield of 
Cp2?e2(C0)2(CS)PSt2. 
Preparation of 01:2^62(00)2(05)P:-ie^Ph 
The thiocarbonyl (0.20 g, 0.54 mmol) was refluxed with 
?I-Ie2?n (O.I3 ml, 0.13 g, O.9I mmol) in 3O ml of CK^OK for 
30 min. Isolation as for the PEt^ analog gave black crystals 
of the product in o3% yield. The analytical sample was 
crystallized from 1:1 hexane/EtpO at -78°. 
lafCSg): 1950 vs, I76O s, 1104 m. NHR(CDOl-): 50.91 
(doublet. Me), 1.45 (doublet. Me), 4.25 (doublet, Cp), 4.79 
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(Cp), 7.50-7.60 (multiplet, Ph). MP: 180-183" dec. Anal. 
Calc. for Cg^H^^Fe^O^PS: C 52.53, H 4.41. Found: C 52.49, 
H 4.48. 
Preparation of C t ) ^ F e ^ ( C S ^PI-IePh^ 
A solution of the thiocarbonyl (0,20 g, 0.54 nunol) in 
30 ml of CH^CN was refluxed for 8 hr with PHePhg (0.20 ml, 
0.20 g, 1.0 mmol). Isolation as before gave the dark green 
product (60/Ô). 
lEiCS^): 1964 vs, 1944 s, 1748 s, 1100 m. rlMP(CDCl^): 
61.70 (doublet. Le), 4.24 (doublet, Cp), 4.61 (Cp), 7.00-7.50 
(multiplet, Ph). 
Preparation of Cp^Fe2(C0)2(CS)P(0ile)j7 
The thiocarbonyl complex (0.20 g, 0.54 mmol) and P(OLIe)^ 
(0.11 ml, 0.11 g, 0.93 mmol) were refluxed in 30 ml of CH^CN 
for 1.5 hr. Isolation as for the phosphine derivatives gave 
a 56/j yield of the brov/n product. 
12(082): 1956 vs, 1759 S, 1108 m. Nl-ip(cnci^): 53.58 
(doublet. Me), 4.58 (doublet, Cp), 4.74 (Cp). 
Preparation of CP2Fe2(C0)o(CS)(MeMC) 
A solution of Cp2Fe2(C0)^CS (0.20 g, 0.54 mmol) and MeNC 
(0.10 ml, 0,071 g, 1.72 mmol) in 30 ml of THF v;as refluxed 
for 1 hr. The mixture v/as evaporated under reduced pressure, 
the residue v;as extracted with 30 ml of CS^, and the solution 
was filtered. Addition of 60 ml of hexane followed by slow 
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evaporation gave the red-brown isocyanide complex (84/0. 
The analytical sample was crystallized from 5:1 hexane/Et^O 
at -78°. 
IRCCH^Clz): 2164 s, 1996 w(sh), I9ÔI vs, 1775 s, 
1119 s(sh), 1115 s. Ni-:H(CDC1^): 65.05 (Me), 4.70 (Cp) 
4.82 (Cp), I-iP: 171-174°. Anal. Calc. for C^^H^^Fe^NO^S: 
C 47.04, H 5.42, il 5.66. Found: C 46.95, H 5.55, N 5.66. 
The same complex was obtained in 70% yield by refluxing 
Cp2Fe2(C0)^CS with excess lieKC in cyclohexane for 2.5 hr. 
Preparation of C%2Fe2(C0)(CS)(KeNC)2 
A mixture of Cp2Fe2(C0)^CS (0.57 g, 1.0 mmol) and MerIC 
(0.20 ml, 0.14 S, 5.4 mmol) in 50 ml of CH-CN was refluxed 
for 20 min. The solvent was evaporated under reduced pressure, 
the residue was extracted with LO ml of CS2, and the solution 
was filtered. The filtrate was then stirred for 24 hr at 
room temperature. After-filtration, 80 ml of hexane was 
added, and slow evaporation gave purple crystals of 
Cp2Fe2(CC) (CS) (i-ieKC)2 (78%). The analytical sample was 
crystallized from 4:1 hexane/Et20 at -78°. 
IR(CK2Cl2): 2155 s, 1955 vs, 1717 s, III9 m(sh), 
1105 m-s. NMPXCDCl^): 02.96 (Me), 5.72 (Ke), 4.67 (Cp), 
4.85 (Cp). MP: 150-155°. Anal. Calc. for C-, gK^gI'l20S: 
C 48.52, K 4.07, N 7.07. Found: C 48.59, H 5.95, K 6.95. 
In several cases the CS2 extract of the reaction mixture 
was chromatographed on a 10 X 120 mm column of Grade III 
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V/oehlm alumina. Carbon disulfide eluted a green band, which 
proved to be a small a!r.cunt of the r/ionosubstituted complex, 
Cp2Fe2(C0)2(CS)(IieNC), Slution with 20:1 CS^/Et^O gave a 
second green band that contained the major product, 
Cp2Fe2(C0)(CS)(i-leNC)^» Continued elution brought down a 
third green band; this yielded a small amount of a brov/n-
purple compound, which also analyzed as the bis-isocyanide 
complex but had a different IR spectrum. 
IR(CH2Cl2): 2154 vs, 1954 v/, 1751 s, 1720 w, 1110 s. 
Anal. Calc. for C^^K^gFe2N20S: C 48.52, H 4.07, H 7.07. 
Found: C 47.80, H 3.98, K 6.92. 
Reaction of Ca^Fe^fCO)^CS with other ligands 
Reaction of the thiocarbonyl complex with PBu^ in 
refluxing CK^CIi gave some of the substituted derivative; 
however, this product was rather unstable and was not isolated. 
Other potential ligands such as PPh^, P(OPh)^, diphos, R-NH2, 
R2MK, R-N, pyridine, and PhlTC gave no evidence of reaction 
under these conditions. Ultraviolet irradiation of 
CP2F62(00)^03 with PPh^ or P(OPh)? in Et20 gave the mono-
substitution products, but the complexes were not isolated 
owing to their low stabilities. Photolysis with Phl-IC appeared 
to give a mixture of mono and bis substitution, but attempts 
to separate the products by chromatography of Florisil resulted 
in decomposition. 
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Reaction of Ctj^FeoCCO-CS with nucleo-ohiles 
The thiocarfconyl complex v/as found to "be unreactive 
toward ITaOMe in lieQH or [PPN]!'^- in acetone at room temperature. 
As mentioned above, amines give no reaction with CP2F62(00)^05 
in refluxing CK^CI'I. Thiocarbonyl reacted with KCN in refluxing 
CH^CLI to give a rather insoluble black product, which was 
not characterized; ITal, K3CN and KSeCM did not react. 
Reaction of C?2F<22(^0)^03 with an equiniolar amount of 
MeLi in TIîF at -20° gave a black solution. Addition of 
I-IeOSOpF followed by removal of the solvent in vacuo gave a 
black oil. This product appeared to be an ionic compound, 
but it could not be crystallized and was not isolated. 
IP(CH=CN): 2006 1946 vs, 1777 s. 
Reaction of Cr^Fe^CCO^-CS with (X = CI. Br. I) 
Mercuric chloride (0.136 g, O.5OOO mrnol) was added to a 
solution of Cp2Fe2(C0)-CS (0.189 g, O.5IO mrnol) in 3O -^1 
of CH2CI2, and the mixture was stirred for 5 min. Evaporation 
of the solvent under reduced pressure gave a dark red residue, 
which was dried in vacuo for several hours. The product was 
transferred to a frit filter, washed 10 times with I3 ml of 
pentane, and again dried vacuo. Yield of the product, 
C?2Fe2(C0)-CS«KgCl2j v;as essentially quantitative. To obtain 
spectra it was necessary to saturate the solvents with HgCl2, 
owing to the lability of the adduct; such solutions were deep 
red. 
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laCCHzClg): 2037 s, 2004 m, 1842 rn, IOI9 v/. 
NI.H(dg-acetone) : ô5»3d, 5*54 (~1:20). ÎIP: 105-107° dec. 
Anal. Cale, for C^Jl^QCl^Fe^llsOj.S: C 26.21, H 1.57, S 5.00. 
Found: C 27.93, H 1.85, S 4.67. 
Tlie dark red HgBr2 adduct was prepared in the same 
Banner. As with the HgCl2 conplex, the presence of excess 
mercuric halide was necessary for observation of spectra, 
laCCHpClp): 2035 s, 2006 in, I84O ni, 1020 w. 
The iigl2 complex, also dark red, was obtained by the sane 
method, except that acetone was used as the solvent. Spectra 
of Cp2Fe2(C0)^CS»Hgl2 could not be determined owing to the 
low solubility of n£l2 in organic solvents. 
K?: 125-130° dec. Anal. Gale, for C2_^K^QFe2Hgl202S: 
C 20.40, H 1.22. Found: C 19.87, H 1.34. 
Reaction of 0n2Fe2(C0)^CS with BX? CX = F, CI. Br) and AlCl^ 
Addition of BBr^ (0.10 ml, excess) to a solution of 
C?2Fe2(C0)^CS (0.20 g, 0.54 inrnol) gave a deep red solution. 
V/ithin a few minutes the thiocarbonyl began to decompose, 
as evidenced by a color change to orange and the appearance 
of additional IP bands at 2100 and 2070 cm"". The adduct, 
CP2Fe2(C0)^CS.BEr^, was very labile and could not be isolated, 
miCE^ CL^ ): 2039 s, 2006 m, 1842 ni, 1002 w, NMR(CDC1?): 
65.20, 5.27 (~1:2). 
Reactions witn dCI- and BFy.2t20 gave IP evidence for 
Cp2Fe2(C0)^CS*BX^ adducts, but decomposition of the 
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thiocarbonyl complex v/as even more rapid in the presence of 
these boron haiides. 
The thiocarbonyl v:as stable in CH2CI2 solution in the 
presence of an equirnolar amount of A1C1-. Addition of excess 
AlCl^ gave a reddish solution, indicating adduct formation, 
but also caused rapid decomposition. The adduct was too 
unstable to be isolated. 
Reaction of Cri^Fe^CCO^CS with PtCl^CPhCN)^ 
A solution of the thiocarbonyl complex (0.20 g, O.54 rainol) 
and PtCl^ CPhC?:)^  (0.12 g, 0.25 mmol) in 40 ml of CHCl? was 
refluxed for 12 hr, giving a red solution and a red precipitate. 
The solution v;as cooled, pO ml of hexane was added, and the 
mixture was filtered. The product, tenatively identified as 
[Cp2Fe2(C0)-CS]2?tCl2, was washed ^ times with Et20 and dried 
in vacuo.• Yield of the red powder was 7^%» Attempts to 
crystallize the product were unsuccessful. 
13(0^2012): 2024 VS, 1992 m(sh), 1828 s, 1081 w, IO33 w. 
I":P(dg-acetone) : 65»65 (very broad). 
Preparation of Cr^Fe-,(CO)^CS«M(CO)^ (li = Or, IV) 
A solution of St^.IT [Cr(CO)^I] (0.229 g, O.5IO mmol) in 
30 ml of acetone was cooled to 0°, and then AgBF^ (0.100 g, 
0.313 mmol) in 10 ml of acetone was added over 3 min from 
an ecuipressure dropping funnel. After an additional 10 
min the mixture was filtered to remove Agi, and the yellow-
orange filtrate was again cooled to 0°. Solid 
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Cp2Fe2(C0)^CS (0.191 g, 0.516 m%ol) v;as added, and the 
mixture was stirred for 30 inin. The solution v;as v/armed to 
room temperature, and the solvent v/as evaporated under 
reduced pressure. Extraction of the residue with 30 ml of 
L:1 pcntane/acctone and filtration rave a deep red solution, 
which v;as evaporated under a slov; stream of to give red-
purple needles of Cp^FegCCOj^CS'CrCCO)^ (60%). 
IBfCSg): 2061 m, 2020 s, 200$ w, 1977 1934 s, 1916 %, 
1825 v;-m, 1082 w. N:3(dr-acetone): . 55.28. MP: 126-129° dec. 
Anal, Gale, for C-, qK^ QCrFe^OnS: G 40.60, li 1.79» Found: 
G 40.01, H 1.94. 
The same reaction v;ith Et^^II [V/(C0)^I] (0.296 g, 0.510 mmcl) 
afforded the V; analog as red-purple needles in 76/j yield, 
IRCCSz): 2067 a, 2022 s, 1992 1977 1931 s, 1911 a, 
1827 u-n, 1076 v;. NKR(d^-acotone): 55.28. I-;?: 119-122° 
dec. Anal. Gale, for QFepOgSV/: G 32.89, H 1.453 S 4»62. 
Found: G 35.08, H 1.148, S 4.68. 
Preparation of rGr;^Fe2(CQ)-^CS«CnFe(G0)2]3F^ 
A mixture of CP2Fc2(C0)^CS (0,20 g, 0.54 mmol) and 
[GpFe(GC)p(THF)]EF^ (0.17 g, 0.50 mmol) in 35 ml of acetone 
was refluxed for 1 hr. The solvent was removed jji vacuo, and 
the residue was dried âjl vacuo overnight. The red solid was 
transferred to a frit filter and washed 5 times with 20 ml 
of 2^20. The product was then recrystallized from 1:1 
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CH2Cl2/hexane at -20° to give small red-broun crystals of 
the cosiplex (8256). 
ISCCKgClg): 2049 vs, 2025 s, 2006 n, 1834 m. 
:y:3(dg-acetone) : 65.45, 5«73 (2:1). Molar conductivity; 
A = 77.5 ohm""^ crn^ inol"^. I-I?: dec, 200-205°. Anal. Calc. 
for CgiKi^BF^Fe^O^S: C 39.80, K 2.59, S 5.12. Found: 
C 39.00, H 2.37, S 5.12. 
Preparation of Cx)Fe(CO)(CS)CF^SO^ and 
rCD_Fe_(CO)^ CS.C?Fe(CO)(CS)lBPh^  
A quartz Schlenk tube (20 X 170 cm) v/as charged with 
[ CpFeCCO^CSlCF^SO^ (0.37 g» 1.0 mmol) and 25 ml of CH2CI2. 
The- solution was then irradiated at 254 nm for 6 hr in a snail 
photolysis apparatus (Bradford Scientific Co., modified v/ith 
a plexiglas bottom so that a magnetic stirrer could be used); 
the tube was vented to a mineral oil bubbler to permit escape 
of CO. The resulting red solution v;as transferred to another 
Schlenk tube, 4O ml of hexane was added, and the mixture v;as 
filtered to give a red solution of CpFe(CO)(CS)CF^SO^. The 
compound was stable only in solution and could not be isolated, 
IPKCHgCl^): 2048 s, 1325 vs. 
The solution was refluxed with Cp2Fe2(C0)^CS (O.4O g, 
1,1 mmol) for 1 hr, after which the solvent was evaporated 
under reduced pressure to give a dark red oil. The residue 
was dissolved in 30 ml of MeOH and the solution was filtered. 
Addition of I^aBPh^ (1.0 g, 3.Û mmol) in 5 ^ 1 of MeOH gave 
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a red precipitate. The mixture v/as cooled at 0° for several 
hours; the product v;as then filtered off and washed 3 times 
with 20 ml of Et^O, P.ecrystallization twice from 2:1 
hexane/CH2Cl2 at -20° gave small red needles of 
[Cp2Fe2(C0)-CS*CpFe(C0)(CS)]BPh^ (71%). 
IS(Cn^CN): 2032 s, 2020 s, 1987 v/, 1834 m, (CHCl^) 
1315 ni. NI-S(dg-ace tone): 65.42, 5.61 (10:7, Cp), 6.90-7.40 
(multiplet, Ph). 
Reaction of Cn^Pe^fCO)-,CS with other metal carbonyl compounds 
Spectroscopic evidence for S-adducts was obtained jji 
low-temperature reactions of the thiocarbonyl complex with 
:-io( C0)^( acetone), V;(CO)^ ( CS) (acetone), and Fe(CO)^(THF) , but 
the complexes were too unstable to be isolated. Similarly, 
the thiocarbonyl reacted with [M(CO)-(CII^CN) ]PFg (I-C = Mn, Re) 
in refluxing THF to give red products, but again the stabil­
ities were too low to permit isolation of the desired com­
plexes, Under the same conditions, CpFe(C0)2Cl did not react, 
and Mn(C0)^Er gave only [Mn(C0)^BrJ2. Direct thermal or 
photochemical synthesis of [Cp2Fe2(CO)^CS"CpFe(CO)(CX)]' 
(X = 0, S) from [CpFe(C0)2(CX)]PFg also failed. 
Prer>aration of rC"02Fe2(CO) jCS-HgMe] PF^ 
••iethylmcrcuric chloride (O.I3 g, 0,52 mmol) was dissolved 
in 15 ml of CH2CI2 at 0°, and AgPF^ (O.I3 g, O.5I mmol) in 
10 ml of CK2CI2 v/as added. The mixture was stirred for 15 
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min, and the Cp2Fe2(C0)^CS (0.20 g, 0,^4 nimol) was added, 
giving a dark red mixture. After 5 i^iin the solution v/as 
filtered to remove AgCl, 30 ml of hexane was added and the 
solution v/as evaporated slowly; the crystals obtained were 
filtered off and washed with Et^O. Two more crystallizations 
in this manner gave a product sufficiently pure for analysis. 
The yield of small dark red needles was 66%. 
ISCCH^Cl^): 2033 s, 1998 m, 1844 n, 101? w. 
rn-IR(dg-acetone) : 51.33 (broad, île), 5»39 (Cp). MP: 133-160° 
dec. Anal. Calc, for C^^IÏT^^F^Fe^HgO^PS: C 24.66, H 1.79. 
Found: C 24.99, H 1.86. 
Reaction of C-D^Fe2(C0)^CS with SOSO^F (P = He, Et) 
Methyl fluorosulfonate (0.20 ml, 0.36 g, 2.3 mnol) was 
added to a solution of Cp2Fe2(C0)^CS (O.4O g, 1.1 mmol) in 
20 ml of CH2CI2, and the mixture was stirred for 1 hr. The 
majority of the product precipitated during this time. 
Addition of 30 ml of Et20 followed by filtration gave tiny 
dark red crystals of [Cp2Fe2(C0)^CS-lie] FSO^ (96%). The 
analytical sample was crystallized from 1:1 acetone/hexane 
at -20°. 
13(0^2012): 2038 s, 2001 w, 1834 r;i, ~1030 w. Molar 
conductivity: A = 82.1 ohmT^ cm^ mol~^. MP: dec. 210-213°. 
Anal. Calc. for CTc,H^^FFe20rS2: C 37.22, II 2.71, S 13.23. 
Found: C 37.10, K 2.73, S 13.42. 
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The same reaction v;ith EtOSO^F afforded the Et analog 
in 86/i yield. 
laCCHzClz): 2057 s, 200? 1855 %, ~1025 w. 
Preparation of rC%2Fe^(C0)_CS-Et]BF^ 
A mixture of the thiocarbonyl complex (0,20 g, 0.54 mmol) 
and [Et^OlBF^ (O.IO g, 0.55 mol) in 15 r-1 of 05^012 was 
stirred for 30 .Tiin, giving a red solution. The product was 
precipitated with LO ml of Et20 and recrystallized from 1:1 
CH2Cl2/hexane at -20* to give red-brown crystals in 80?d yield. 
IR(CH2Cl2): 203? s, 200? w, 1854 1032 v;. MP: 220-223° 
dec. Anal. Calc, for CT^H^^BF^FegO^S: C 39.55» H 3.11. 
Found: c 39.30, K 3.05. 
The crystals from this preparation were used for the 
X-ray structure of the compound (see Results and Discussion). 
Reaction of Cti^Fc^(CO)^CS with Mel 
A mixture of Cp2Fe2(C0)^CS (0,20 g, 0.54 miol) and Mel 
('"^3 Hi) was stirred for 12 hr, giving a red precipitate. 
Addition of 40 nil of EtgO and filtration of the mixture gave 
the product as a red powder (95%). 
IR(C%2Cl2): 2037 s, 200? w-m, 1853 IO3I w. 
The product was dissolved in I50 ml of acetone, and the 
solution was passed through a PF^" ion exchange column. The 
eluate was evaporated to about 50 ml under reduced pressure, 
30 ml of heptane (Skelly 'C') was added, and the solution was 
56 
slowly evaporated to give snail red crystals of 
[CpzFezCCOj.CS-^ejPF^ (93%). 
IR(CH2Cl2): 2040 s, 2012 1856 -, 1028 w. 
HI-2(dj--acetor.c) : 63.77 (;'e), 5.65 (broad, Cp). ~^C 
nK2(d.g-acetone): f 83.0 (%e), 89.9 (Cp), 90.5 (Cp), 249.6 
(bridge CO). 
Reaction of Ctd^ Fe^ (CO)^ CS v;ith other alkyl halides 
Reaction of Cp2Fe2(C0)^CS (0.20 g, 0.54 nnnol) with Et I 
(3 -;!) for 24 hr gave [Cp2Fe2(C0)^CS-St] I, Isolation, ion 
exchange and crystallization as in the el reaction above gave 
red-brown crystals of [CppFe2(C0)?CS-Et]PFg in 77% yield. 
I3(CH2Cl2): 2040 s, 2009 1855 1024 
N^R(d^-acetone): 61,69 (triplet, ClU), 4.30 (broad quartet, 
CII^), 5.58 (Cp). ::olar conductivity: A = 89.4 ohr;"^ cn^ inol"". 
The same reaction with n-PrI gave dark red 
[CP2F62(00)-OS-Pr] PFg in 90/i yield. The higher solubility 
of this derivative (and all subsequent derivatives; see below) 
permitted use of less acetone (3O-4O k1) in the ion exchange 
step. 
IPtC^zClz): 2039 s, 2009 1855 K, 1022 w. 
ÎT:iP(djg-acetone) : 51.20 (triplet, OH-), 1.90-2.40 (multiplet, 
Cllg), 4.35 (broad quartet, CKg), 5.75 (broad, Cp). 
The dark red butyl analog was obtained in 85% yield in 
the same manner from n-BuI and the thiocarbonyl. 
2039 s, 2009 w, 1955 K, 1024 n. 
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NIS(dg-acetone) : 51.05 (broad triplet, CI-U), 1,35-2.10 
(multiplet, CH2CH2)î 4.36 broad quartet, CH^), 5*73 (broad, 
Cp). 
To obtain the benzyl derivative, the thiocarbonyl (0,37 g, 
1,0 nmol) v/as stirred with BzBr (3 i-il) for 8 hr. (Caution: 
The reaction v;as carried out in a hood, since BzBr is a 
potent lachryrnator, ) Addition of 40 ml of St^O and filtration 
gave the dull red Br" salt, which was washed 10 times with 
20 ml of Et20 to remove excess BzBr. Ion exchange and 
crystallization as before gave red crystals of 
[Cp2Fe2(C0)=CS-Bz]PFG (88%). 
IH(CH2Cl2): 2039 s, 2011 w, 1857 rn, 1023 w. 
NIIR(d^-ac etone) : 5$.43 (possibly CH2), 5.60 (broad Cp), 
7.48 (multiplet, ?h). "-^C HKR(dg-acetone): 560.7 (CH2), 
92.3 (Cp), 92.9 (Cp), 129.6 (Ph), 130.2 (Ph), 133.9 (Ph), 207.4 
(terminal CO), 251.6 (bridge CO), 4O3.I (CS). Molar conduc­
tivity: A = 82.4 ohm"" cm^ mol~~. MP: 185-188° dec. 
Anal. Calc. for ^ 41.62, H 2.83, S 5.29, 
Found: C 41.83, H 2.80, S 5.01. 
Reaction of the thiocarbonyl in the same manner with 
AllBr. followed by ion exchange and crystallization from 
CH2C12%hexane by slow evaporation, gave red-gold 
[Cp2Fe2(C0)jfS-All]PFa (86%). 
IH(CH2Cl2): 2O4O s, 2010 w, 1856 m, 101? w. 
NMS(dg-acetone): 64.93 (broad triplet, CH2), 5.62 (Cp), 
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5.20-6.50 (multiplet, vinyl). 
The thiocarbonyl v;as also alkylated "by BrCH^COOEt under 
the sariic conditions used in the BzBr and AllBr reactions, 
(Caution: ErCHpCCOEt is an even stronger lachryrnator than 
BzBr. ) Work-up as for the benzyl derivative gave an 81% yield 
of red-gold [CpgFegCCOy^CS-CHgCOOEtlPF^. 
2045 s, 2014 w, 1859 ni, 1739 w, 1015 u. 
îTMR(dg-acetone) : 61.32 (triplet, CK^), 4.38 (quartet, CH^), 
5.20 (doublet, CH^), 5.80 (Cp). HP: 153-156° dec. Anal. 
Calc. for C^gl-I^^F^Fe^O^PS: C 35.91, H 2.85. Found: C 35.62, 
H 2.90. 
Reaction of Cp^FegfCOX^CS v/ith neat for 24 hr, 
followed by ion exchange and crystallisation from acetone/ 
heptane by slov; evaporation, gave dark rod 
[Cp2Fe2(C0)?fS-Cn2l]PF& (37%). 
IS^CHgCl^): 2044 s, 201? v;, I860 m, 1109 v;. 
ÎH-3?(dg-acetone) : ^5.69 (doublet, possibly CH2), 5.79 (broad, 
Cp), 5.87 (broad, Cp), 
The thiocarbonyl complex did not react v/ith E2CI, AllCl, 
Me0CH2Cl, PrBr, CyBr, _t-BuBr, CH2Br2 or i-PrI, 
Reaction of C'o^Fe^CCO^CS v/ith ICIÛCOOH 
The thiocarbonyl (0.20 g, 0.54 nraol) v/as stirred with 
ICH2C00II (0.28 g, 1.5 nznol) in 10 ml of CH2CI2 for 12 hr, 
giving a red precipitate. Addition of 40 ml of Et20 produced 
a sor.iev/hat gunny red product, v/hich v/as washed 10 tines v/ith 
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15 ml of Et^O by décantation and dried vacuo. The residue 
was dissolved in 20 lal of acetone and the solution was 
eluted through a ion exchange column. The product was 
obtained as a red solid (with some difficulty) by slow 
evaporation of an acetone/hexane solution, 
IRfCHgClg): 2044 s, 2016 w, 1859 m, 1743 w, 1013 w. 
If the reaction was carried out with an excess of the 
thiocarbonyl complex, the product had a very similar IR 
spectrum, but was insoluble in CH^Cl^, The product was 
soluble in containing ICH^COOK or CKXOOK, 
2040 s, 2008 w, 1857 rn, 1740 w. 
Addition of Et-,ÎT to a CI-uCN solution of this compound 
3 
caused a color shift from yellow-red to red. This change was 
accompanied by the disappearance of the above 15 bands and 
the appearance of new bands at 1989 s, 1950 m, 1776 s and 
1690 Acidification with CF^SO^H did not reverse this 
process, 
Acetylation of C-o^Fe^CCO)^CS 
A solution of AgPF^ (0,17 g, 0,66 mmol) in I5 ml of 
CH2CI2 was cooled to -40°, Acetyl bromide (0,10 ml, 1,4 mmol) 
in 10 ml of 10:1 CH2Cl2Et20 was added via syringe, and the 
mixture was stirred for 3O min. Addition of Cp2Fe2(C0)^CS 
(0,26 g, 0,70 mmol) in 10 ml of CH2CI2 caused an immediate 
color change to deep red. After 30 min, the mixture was 
warmed to room temperature and filtered. Addition of 100 ml 
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of hexane gave a red precipitate. The mixture v/as stored at 
-20° overnight and then filtered to give a red powder, 
lECCHgClg): 2106 2072 2046 s, 2005 1856 in, 
1771 v;, 997 v;. 
Efforts to crystallize the product from CK2Cl2/hexane 
by slow evaporation failed. In fact, after several such 
treatments a different compound was obtained. The IR spectrum 
showed no band assignable to an acyl CO stretch, and new CO 
bands at 2040 s, 2010 w-m and 1855 cm~^ suggested that 
[Cp2Fe2(C0)^CS-I-Ie] PFg had been formed. 
Preparation of [Cn2Fe2(C0)2(PZt?)CS-5]PF^ (R = Me, Et, Bz) 
Triethyl phosphine (0,11 ml, 0,088 g, 0,75 mmol) was 
added to a stirred solution of [Cp2Fe2(C0)^CS-Me] FSO^ (0,24 g, 
0,50 mmol) in I5 ml of CK^CN, Evolution of CO commenced 
immediately, and a yellow-green solution formed. After 30 
min the solvent was removed jji vacuo at 50° ; the residue 
v:as extracted with 20 ml of acetone, and the solution was 
eluted through a PF^" exchange column. The eluate was 
evaporated under reduced pressure; the residue was dissolved 
in 30 ml of CHpCl2j and 20 ml of hexane was added. Slow 
evaporation gave brovm crystals of [Cp2Fe2(C0)2(PEt^)CS-Me] PF^ 
(95/0• The analytical sample was crystallized from 1:1 
acetone/Et20 at -20°, 
The same compound was obtained by reaction of Me0S02F 
(0,10 ml, 0,14 g, 1,2 mmol) with Cp2Fe2(C0)2(CS)?Et^ (0,23 g. 
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0.50 ninol) in 20 ml of C1I2C12 for 20 win, followed by ion 
exchange. The yield v/as 82/6. 
IE(CH2Cl2): 1935 vs, 1818 s, IOO4 li. NMR(dg-acetone) : 
60.80-1,80 (multiplet, ?Et^), 3.60 (He), 5-23 (doublet, Cp), 
5.43 (Cp). NXR(dr-acetono): 55.70 (PEt_), 17.1 (doublet, 
?Et^), 88.3 (doublet, Cp), 213.4 (terminal CO), 256.4 (doublet, 
bridge CO), 407.9 (doublet, CS). Molar conductivity: A = 
84.6 ohrn"^ cni^ niol"^, I-iP: 210-214° dec. Anal. Calc. for 
^20-28^6^®2°2-^2^- ^ 38.74, K 4.55, S 5.17. Found: C 38.80, 
H 4.55, S 5.03. 
To prepare the ethyl analog, a solution of 
[Cp2Fe2(C0)^CS-2t]?F^ (0.27 g, O.5O mnol) was stirred with 
PEt^ (0.10 ml, 0.88 g, 0.75 nunol) in I5 ml of CH-CN for 1 hr, 
after which the solvent v;as removed under reduced pressure 
at 50°. Slow evaporation of a solution of 
the product gave brown needles of [Cp2Fe2(C0)2(P2t^)CS-Et]PFr 
(88%). A sample for analysis was crystallized from 1:1 
acetone/2t20 at -20°. 
lE^CK^Clp): 1984 vs, 1818 s, 1006 1:1. K%R(dr-acetone): 
5 0.80-1.80 (multiplet, P£t^ and CH-), 4.23 (broad multiplet, 
CH2), 5.23 (doublet, Cp), 5.45 (Cp). i;P: dec. 225-230°. 
Anal. Calc. for C2j_H-QFj-Fe202p2'2- C 39*77, H 4.77. Found: 
C 40.00, H 4.81. 
Addition of PEt^ to [Cp2Fe2(C0)^CS-Ez] PFg in CH^CIl 
resulted in dissociation of the benzyl group. To obtain the 
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S-benzyl compound, Cp2^e2(C0)2(CS)PEt_ (0,20 g, 0.$& cimol) 
was stirred with EzEr (3 ^ 1) for 3 hr. The product was 
precipitated with LO ml of Et^O, filtered off and washed 
repeatedly with ZtgO. Ion exchange in acetone and slow 
evaporation of a CHgCl^/hexane solution gave an 89% yield 
of black [Cp2Fe2(C0)2(PEt,)CS-Ez]pFg. 
laCCHgClz): 1979 vs, 1809 s, 1031 m, 998 m. HMRCCEyCK): 
60,60-1.60 (multiplet, PEt-), 3,06 (doublet. Op), 3.22 (Op), 
7.46 (multiplet, Ph), 
Preparation of [CD2Fe^(C0)2(PMe_Ph)CS-MelPF^ 
Dirnethylphenyl phosphine (0.10 ml, 0,097.g, O.7O rnaol) 
was added to a solution of [Cp2Fe2(C0)j.CS-Me]FSO^ (0.24 g, 
0,30 innol) in I3 izil of CH^CN, and the fixture was stirred 
for 30 Liin, giving a yellow-green solution. The solvent 
was evaporated under reduced pressure at 30°, and the residue 
was dried at 30° in high vacuum for 1 hr. Work-up as for 
the PEt- analog above gave brown needles of the product (93%). 
A sample for analysis was crystallized from 1:1 acetone/Et20 
at -20°, 
IPCCHgClg): 1991 vs, 1816 s, 1008 %. NH2(d^-acetone): 
61.43 (doublet, Mc), 1,68 (doublet, Lie), 3.38 (He), 3.13 
(doublet, Cp), 3,46 (Cp), 7.40-7.70 (multiplet, Ph), MP; 
220-223°. Anal, Calc. for G22H2^F^Fo202p2'S: C 41.28, H 3,78, 
Found: C 41.39, H 3.94. 
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Preparation of 
A solution of [CP2F62(00)-CS-i-.e]FSO^ (0.24 g, 0,50 lanol) 
and PMePh2 (0.25 r^il, 0.24 g, 1.2 nunol) in 15 ml of CIUCN 
was refluxed for 4 hr. Work-up as for the PHegPh. compound 
gave a 63/^ yield of the greenish-brown product. 
IR(CH2Cl2): 2003 vs, 1971 v;(sh), 1811 s, 1008 m. 
iIîîP(d£-acetone) : 62.14 (doublet, He), 3.53 (lie), 5*13 (doublet, 
Cp), 5.38 (Cp), 7.10-7.50 (multiplet, Ph). 
Preparation of 
A solution of CP2F62(00)-CS-l-ie FSO- (O.24 g, 0,50 iiimol) 
and P(0.:e)^ (0.12 -1, O.I3 g, 1.0 ..ir.col) in 15 inl of CLuCU 
v;as refluxed for 45 ;".in, Work-up as for the PEt^ derivative 
gave a 56/J yield of the brown P(0:le)^ complex, 
ia(CH2Cl2): 200A. vs, 1812 s. ITI:R( d^-ace tone) : 63.58 
(He), 3.77 (Mo), 5.27 (Cp), 5.39 (Cp). 
Preparation of [C'n2Fe2(C0)2(iier;C)CS-P]PF^ (P = i.e, St) 
A solution of [Cp2Fo2(CO)~CS-Mc]FF^ (0.27 g, O.5I %Mol) 
and Mo:-IC(0.10 :::1, 0,071 g, 1,8 mol) in I5 ml of CK^CM was 
refluxed for 35 i-i::. The red-brown solution was evaporated 
under reduced pressure, and the product v;as crystallized by 
slow evaporation of a C;i2Cl2/^Gxane solution to give red 
crystals of [Gp2Fe2(C0)2(Me:iC)CS-He]PFg (93%). An 
analytical sample was obtained from 1:1 acetone/Et20 at 
-20°. 
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IRCCH^Clg): 2196 s, 2004 vs, 182? s, 101? %. 
NIlRCd^-acetone) : 63.22 (île), 3.6? (Me), 5.33 (Cp), 3-42 (Cp), 
Anal. Cale, for C 35.59, K 2.97, N 2.58. 
Found: C 35.59, H 3.06, N 2.63. 
The ethyl analog, [Cp2Fc2(C0)2(KenC)CS-Et]PF^, v;as 
obtained as red needles in identical fashion (92?0. 
IBfCH^Clg): 2195 s, 2005 vs, 1335 s, 1016 ru. . 
rJKR(dg-acetone) : 61.63 (triplet, Ciy), 5.22 (He), 4.18 
(broad quartet, CR^)> 5*51 (Cp), 5.40 (Cp). MP: 206-208° 
dec. Anal. C 36.65, H 3.26, H 2.51. Found: C 36.80, 
H 3.31, N 2.52. 
The identical compounds were obtained by reaction of 
Cp2Fe2(C0)2(CS) (HeMC) v/ith the appropriate alkylating agent 
in CII2C12. 
Preparation of [CD2Fe2(C0)(PhNC)2CS-Me]PF^ 
A solution of [Cp2Fe2(C0)^CS-%e]PF^ (0.27 S, O.5I nimol) 
and PhlTC (O.I3 ml, O.I3 g, 1.3 rnmol) in I5 înl of CH^CN for 
1 hr, giving a red-brown solution. The solvent v;as removed 
under reduced pressure, and the residue v/as dried in vacuo at 
50° for 2 hr. The somewhat oily product v/as then washed 
several times with Et20 by décantation. Extraction with 30 
!-il of CH2CI2 and filtration gave a red solution. A red 
solid v/as obtained by evaporation of the solvent and drying 
in high vacuum overnight, but the product could not be 
crystallized. Yield was 85%. 
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IRfCH^Clg): 2133 VS, 2045 w(sh), 2003 s, 1831 s, 1020 m. 
IIMÏ?(dg--acetone) : 63.70 (Me), 5.4& (Cp), 7.10-7,70 (multiplet, 
Ph). 
Preparation of GT)2^e^(C0)^(CS-:Ie)X (X = CI, Er. I) 
A solution 01 [Cp2Fo2(C0)^CS-%e]FS0^ (0.24 S» O.5O mmol) 
and [PPiI]Cl (0,86 g, 1.5 aniol) in 15 al of CH?CN v/as refluxed 
for 2 hr, giving a brown solution. The solvent v/as evaporated 
under reduced pressure; the residue v;as then transferred to 
a frit filter, washed 10 times with warm (40°) water to 
remove excess [P?r;]Cl, and dried overnight in vacuo. Slow 
evaporation of CH2Cl2/kexane solution gave Cp2Fe2(C0)^CS-I:e)Cl 
as a dark brown solid (50%), 
IR(CH2Cl2): 2000 vs, 1815 s, 1012 m. 
To obtain the brono analog, the S-r;iethyl thiocarbonyl 
(O.24 g, 0,50 rauiol) was refluxed with Et^NBr (0.32 g, 1.5 lïimol) 
in 15 ml of CII^CN for h hr. After evaporation of the solvent, 
the residue v;as washed 5 times with water, dried jji vacuo, 
and dissolved in 30 ml of CH2Cl2« Filtration, addition of 
hexane and slow evaporation gave dark brown Cp2Fe2(C0)^(CS-Me)Br 
(69%). 
IP(CH2Cl2): 1996 vs, 1812 s, 1011 m. 
The iodo analog could be obtained similarly from Nal 
and [Cp2Fe2(C0)^CS-Me]FSO^. However, a somewhat different 
procedure was found to be superior. A mixture of 
C-p^Fe^(CO)j^CS (0.40 g, 1.1 mmol), ilel (0.12 ml, 0.28 g. 
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2.0 rnmol) and Nal (0,60 g, 4.0 rnrnol) in 20 al of CH?CN was 
refluxed for 6 hr. The solvent v/as evaporated under reduced 
pressure, the residue v;as extracted with LO kI of CH^Clg, 
and the mixture was filtered. Addition of 30 rr.1 of hexane 
and slow evaporation gave dark brov/n crystals of 
Cp2Fe2(C0)2(CS-i-:e)I (91%). A sample for analysis was 
obtained from 1:1 acetone/hexane at -20°. 
IRfCH^Cl^): 1992 vs, 180? s, 1011 in. MP: dec. >230*. 
/mal. Cale, for C^^H^^Fe^IO^S: C 34.75, H 2.71, S 6.63. 
Found: C 34.43, H 2.84, S 3.90. 
Substitution of EtI for Mel in the above reaction gave 
dark brown CppFe2(C0)2(CS-Et)I (88/6). This reaction required 
18 hr. 
IB^CHgClg): 1991 vs, ISO7 s, IOO9 hi. i<:3( dr-acetone) : 
61.67 (triplet, Cly), 4.30 (broad quartet, CHg), 4.82 (Cp), 
4.87 (Cp). 
Reaction of [Cp^Fe^fCO^jCS-MelFSO^ with other li/?ands 
Pefluxing the S-methyl thiocarbonyl with pyridine in 
ClUCr; for 10 hr gave the brown complex 
[Cp2Fe2(C0)2(py)CS-Me] FSO-. The product could not be 
crystallised, and decomposed slowly even when stored at -20°. 
IR(CIÎ2Cl2): 1998 vs, 1806 s, 1010 in. 
The analogous reactions with PPh%, diphos and P(OPh)^ 
gave no evidence of substitution. However, these derivatives 
could be obtained by another method (see below). 
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The S-inethyl thiocarbonyl reacted rapidly v/ith KSeCN 
in refluxing CH^CiI to give the substitution product; this 
complex v/as not isolated. Under the same conditions, KCN 
and XSCN did not react. 
Preparation of [CD2Fe2(C0)2(L)CS-Me ?F^](L = ?Ph^, P(OPh)^) 
A solution of Cp2Fe2(C0)2(CS-Me)I (0.12 g, 0,25 mmol) 
in 15 ml of acetone v/as cooled to 0®, and AgBF^ (O.O49 g, 
0,25 mmol) in 5 al of acetone v/as added. After 20 min the 
brown solution was filtered to remove Agl> and PPh^ (0.10 g, 
0.38 mmol) v/as added. The solution was stirred for 10 min, 
and the solvent v/as removed under reduced pressure. The 
residue v/as washed 5 tiraes v/ith St20 by décantation, 
dissolved in 30 ml of acetone, and eluted through a PF^~ 
exchange column. Attempts to crystallize the product from 
the green eluate failed. The compound could be obtained 
as a solid by evaporating the solvent and drying the gummy 
residue in high vacuum for 24 hr, but the product was still 
somewhat impure v/ith excess ligand. Yield v/as '^80%. 
IR(CK2Cl2): 1998 vs, 1801 s, 1007m. 
The same reaction with P(OPh)^ gave the phosphite 
complex. This product could be obtained as brown crystals 
('^70% yield), but v/as also somewhat impure. 
IR(CK2Cl2): 2005 vs, 1825 s, IOI3 m. 
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Reaction of fCp^Fe^(CO)^CS-Mel PF^ with nucleoTPhiles 
Addition of HaOi-Ie to the S-methyl thiocarbonyl complex 
in I-ieOH gave a rapid reaction, forcing a red-brown solution. 
The product v/as identified as [CpFe(C0)2]2» In aqueous 
solution, KOIi gave the sanie product; acidification of this 
mixture liberated KeSH (detected by its odor). 
The S-metliyl thiocarbonyl reacted rapidly with MeNH2 
and PrI'IH2 in I-ieOlI or Cil^CN to give a brown solution; no 
gas evolution occurred in this reaction. Two brown products 
were obtained: one soluble in the other insoluble in 
CS2 but soluble in CH2CI2. Their IR spectra were very 
similar, and in both cases the broad, weak CS band charac-
— X teristic of the S-alkyl compounds ('^1020 cm" ) was absent, 
Neither product was stable enough to be purified and 
characterized. 
15 of CS2-soluble product (CSg): 1945 vs, 1787 s, 
1646 I'/. 
IR of CH2Cl2-soluble product (CH2CI2): 1942 vs, 
1768 s, 1641 W, 
Addition of [PPN]to [Cp^FegCCOj^CS-MelPF^ in CE^Cl^ 
instantly gave a deep green solution and vigorous gas 
evolution. An IR spectrum showed that several products had 
been foreied. On stirring for 24 hr, the solution turned 
brown and a precipitate formed. The IR spectrum at this time 
showed one predominant product, with bands at ~1900 vs and 
1770 m-s. However, this compound could not be isolated. 
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Alkylation of e^(CO) (CS) (MeNC 
To a solution of Cp2Fe2(C0)(CS)(MeNC)2 (0.10 g, 0.25 mmol) 
in 30 ml of Cri^Cl^} ^eOSO^F (0,10 ml, 0,14 S, 0.13 aaiol) v/as 
added, and the reaction .Mixture was stirred for 9 hr. The 
solution quickly turned brown, and a greenish precipitate 
gradually forined. The product was filtered off, washed 3 
times with 20 ml of Cii2Cl2, dissolved in 20 211I of acetone, 
and eluted through a ion exchange colunm. Addition of 
heptane (Skelly 'C') and slow evaporation gave a brown solid, 
which was filtered off and dried vacuo. Extraction 4 
times with 10 nil of water gave a brown solution, which was 
then cooled to 0° for 2 days. The si.iall brown needles that 
formed were filtered off, washed once with 5 ml of cold (10°) 
water, and dried in vacuo overnight. Yield of the product, 
[ Cp2Fe2(C0)(MeNC)(He2NC)CS-r;e] (PFg)^ , v/as 56%. 
IR(CH^NO^): 2222 vs, 2036 s, (acetone) 1023 a. 
HMP(d^-acetone): 63.28 (Me), 3.77 (Me), 4.28 (Me), 4.34 (He), 
5,83 (Op), 5.92 (Op), Molar conductivity: A = I77 ohin"^ cm^ 
mol~^. MP: dec, ^ 250°, Anal, Oalc, for C2_glÎ22F22Fe^^2'^^2'^* 
C 30,19, H 3.10, N 3.91. Found: C 30,21, II 3.I3, N 4,79. 
Reaction of the bis isocyanide complex (0.10 g, 0,25 mmol) 
with MoI (0,10 ml, 0,23 g, 1,6 mmol) in 15 ml of CH2CI2 gave 
a different product. After 30 min the initial purple solution 
had turned brovm. The product was precipitated with 50 ml 
of Et20 and filtered off. Ion exchange in acetone followed 
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by crystallization from 1:1 acetone/Kt^O at -78° gave small 
brown crystals of the product, [Cp^Fe^CCO) (I-;eIIC)2CS-Me] PF^ 
(65%). 
IRCCH^ClgJ: 2190 vs, 1996 v;, 1815 s, IOI4 la. 
Nl-S(dg-acetone) : 63.22 (I-.'e), 3.57 (ile), 3.07 (Cp). HP: 
196-200°. Anal. Calc. for CiyHioF^FegNgOPS: C 36.72, H 3.44, 
N 3.04. Found: C 36.77, K 3.20, K 4.98. 
Miscellaneous reactions of 
Oxidation of Cp2Fe2(00)^03 with 0^ in acetone in the 
presence of aqueous HEF^, followed by addition of KCl, gave 
CpFe(C0)2Cl and [CpgFegCCOj^CS'CpFeCCOj^lBF^. 
V/hen AgPFg was added to an acetone solution of the 
thiocarbonyl conplex, Ag® precipitated; the carbonyl product 
was a red oil that was not identified. 
The thiocarbonyl complex gave no evidence of reaction 
after refluxing with Me2'S2 in benzene for 3 days. 
Evidence was seen for protonation of CP2F62(00)^05 
by CF^SO^H in ClIpCl,, but the product could not be isolated. 
The thiocarbonyl did not react with HCl gas in Et20 or CH2CI2. 
No reaction occurred upon stirring solutions of 
Cp2Fe2(C0)3CS and CH2N2J thiirane, aziridine or SO2 for 
extended periods. 
71 
Kinetic Experiments 
The reaction of ^^^h PMe2Ph was studied 
in BuCM and decalin at several different phosphine concen­
trations. Reactions were carried out under Zip in 25 nil 
volumetric flasks capped with rubber septa. In each run, 
the flask containing the thiocarbonyl solution was placed in 
a constant-temperature bath for 30 uin. The phosphine (at 
least a 10-fold excess) was then added from a microliter 
syringe, and the solution was thoroughly agitated. After 
another 15-20 i;:in, samples were withdrawn at constant 
intervals for analysis by IR; the progress of the reaction 
was monitered by the decrease in the intensity of the bridge 
band of Cp2Fe2(CO)~CS, At least two runs were performed 
at each phosphine concentration, and the reactions were 
followed to at least Q0% completion. 
In BuCN at 65° at all phosphine concentrations, there 
was an induction period of about 30 rnin, after which the 
substitution occurred very rapidly. Consequently, no data 
could obtained from these runs. At 80° or below, no reaction 
occurred. 
For reactions in decalin at 115°, graphs of In(A-Aoo) 
vs. time for runs at lower PilepPh concentrations were linear 
with slopes equal to k_. . At higher nhosphine concen-
0 OS 
trations, the graphs showed a definite curvature, with the 
slope increasing as the reaction proceeded. Straight lines 
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could be obtained'from the upper portions of the curves, 
yielding values of for these reactions, A plot of 
vs. tPMe2Ph] was linear, with slope and intercept k^ . 
Appreciable decomposition occurred during all runs. In the 
absence of phosphine, the rate constant for the decomposition 
of CppFe2(C0)-CS was found to be about half as large as 
^obs the lower PMegPh concentrations. 
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RESULTS AND DISCUSSION 
Attempts to Prepare Rhenium Thiocarbonyls 
As one of the more nucleophilic carbonyl anions, 
Re(CO)^ ~ seemed a possible starting material for preparation 
of thiocarbonyl complexes by reaction with appropriate 
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organosulfur reagents, A previous attempt^ ' to obtain 
ReCCO^ CS"*" by the reaction of Re(CO)^ ~ with CS^ /Mel followed 
by acid cleavage gave inconsistent results. It was suggested 
that use of CF^ SO^ H rather than HCl as the acid might improve 
this synthesis. 
In the present work this was found not to be the case. 
Reaction of Re(CO)^ ~ with CSg/Mel did seem to give some of 
the desired compound, RefCOj^ CSgMe, However, addition of 
CF^ SO-H to this product gave little evidence for formation 
of the thiocarbonyl cation. Efforts to isolate the dithioester 
intermediate failed; during these attempts it was discovered 
that the reaction also produced a considerable amount of 
Re(CO)^ I, This result is interesting in view of the recent 
observation that use of excess Mel in the preparation of 
CpRu(C0)2CS2Me^  ^leads to formation of CpRu(C0)2l« The 
role of the alkylating agent in producing metal carbonyl 
halides in these reactions is unclear, but it is evident 
that a large excess of Mel should be avoided in any future 
attempts to prepare Re(CO)^ CS+ by this method. 
Better evidence for the thiocarbonyl cation was obtained 
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in the reaction of Re(CO)^ ~ with Cl-C(S)-OMe. This reaction 
gave an inseparable mixture of several compounds, presumably 
including the desired product, 5e(C0)^ C(S)0Me, Addition of 
CF^ SO^ H to the crude thioester in Et^ O gave a white 
precipitate. This product undoubtedly contained some 
Se(CO)^ CS*, as shown by its IR spectrum and high reactivity 
toward water and In fact, the product was so reactive 
that it decomposed rather quickly in solution, even in the 
absence of air or moisture. These observations are 
reminiscent of the problems previously encountered in the 
preparation of tra^ -PtCl(PPh^ )gCS"*",and suggest that the 
isolation of pure Ee(CO)^ CS* may be very difficult. It may 
prove more feasible to attempt reduction of the impure 
thiocarbonyl cation to He2(C0)g(CS)2, which should be more 
stable and have an equally interesting chemistry. 
The reaction of Be(CO)^ ~ with other thiocarbonyl reagents, 
such as (PhO)2C£ and gave mixtures of many 
products, and were not investigated further. 
Previous work^  ^has shown, that the majority of metal 
carbonyl anions are insufficiently nucleophilic to form 
stable dithioester complexes in the CS2/MeI reaction, 
presumably because the intermediate M-CS2*' anions are too 
labile. Since phosphine-substituted anions^ *^^ ®*^  ^should 
be better nucleophiles, several reactions with these species 
were attempted. Reaction of îto(CO)^ L~ or Mn(00)^ 12" 
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(L = PPh,, PMe^ Ph) with C1-C(S)-0CH^  in THF gave Mh(CO)^ LCl 
and Mn(C0)^ L2Cl rather than the thioester derivatives. 
The anion He(C0)2(?Ph^ )2~, which apparently had not been 
prepared before, can be obtained from K(Hg) and 
trans-He(C0)^ (P?h^ )2Br in THF (Na(Hg) reacts, but does not 
give the anion). The reaction of this species with 
Cl-C(S)-OMe gave a mixture of products, none of which was 
identified. Reaction with CS^ /Mel gave an orange compound 
that did not contain a methyl group. The IR spectrum 
clearly indicated a trans-Re(CO)derivative (not 
trans-Re(C0)^ (PPh^ )2l, which is colorless^ ^^ ); a possible 
formulation of this product is shown below. This 
trithiocarbonate-bridged structure has been proposed as the 
CO 
oc> 
CO 
Re 
CO 
VO"' CO L 
CO 
intermediate in the reaction of M(CO)^ ~ (M = Mn, Re) with 
CSg to give the complexes M(C0)^ (S2C=S)M(C0)^ .^  ^ Presumably, 
in the present case the electron-donating phosphine ligands 
could make loss of CO to form a chelating trithiocarbonate 
group less favorable. 
From the work done thus far on reactions of the less 
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nucleophilic metal carbonyl anions with thiocarbonyl reagents, 
certain trends are apparent. Such reactions tend to give 
several products; evidently the intermediates initially 
formed are of low stability, permitting undesirable secondary 
reactions to occur. In many cases a metal carbonyl halide 
rather than the intended thioester or dithioester is formed. 
Finally, reactions with phosphine-substituted carbonyl anions 
are also unsuccessful, indicating that these anions still 
are not sufficiently nucleophilic. It appears that the 
future utility of less nucleophilic carbonyl anions in the 
synthesis of metal thiocarbonyls will require the development 
of better methods for increasing the nucleophilicity perhaps, 
(for example, by the use of crown ethers^ ^^ ), or the 
discovery of more effective thiocarbonyl reagents. 
Preparation and Properties of Cp2Fe2(C0)^ CS 
Synthesis and isolation 
Certain results discussed above, as well as some previous 
work,^ '^^  ^suggested that Cl-C(5)-0Me was a potentially 
useful reagent for introduction of CS, Unfortunately, 
the synthesis of this compound is time-consuming and gives 
rather low yields. Therefore, the reaction of CpFe(C0)2" 
with the more easily prepared Cl-C(S)-OPh was investigated 
to determine whether this chlorothioformate could be used 
in place of the methyl analog. Contrary to an earlier 
report,little evidence was found for the desired thioester, 
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CpFe(C0)2C(S)0Ph. (However, this compound can be obtained 
by a different method; see below.) Instead, the reaction 
gave [CpFeCCO)^ ]2» CpFeCCOj^ Cl and a small amount of an 
unexpected product — the thiocarbonyl-bridged complex 
CpgfegCCOj^CS. 
Since the maximum yield of the thiocarbonyl compound 
obtainable from Cl-C(S)-OPh v/as only about 7%» a more 
efficient synthesis was sought. The most effective thio­
carbonyl reagent proved to be diphenyl thionocarbonate, 
(PhO)2CS; reaction of CpFe(C0)2~ with (PhO)2CS in a 2:1 
molar ratio in THF affords Cp2Fe2(C0)^ CS in 40-45% yield. 
Certain other aryl thionocarbonates, such as (p-ClCgH^ 0)2CS 
and (p-MeCCgH^ 0)2CS, give comparable yields, but offer no 
advantage over the unsubstituted compound. In contrast, 
reactions of (p-N02C^ H^ 0)2CS, (PhS)2CS, or 
CI2CS with CpFe(C0)2" give little or no thiocarbonyl complex# 
Formation of Cp2Fe2(C0)^ CS from (PhO)2CS and CpFe(C0)2" 
probably occurs by stepwise replacement of phenoxide by the 
iron anion, as shown in reaction 22. The second CS-bridged 
CpFe(C0)2 S II CpFe(C0)2 
(22) (PhO)2CS CpFefCOjgC-OPh 
-CS 
rcpFe(CO) J 
[ CpFe(CO)p]pCS 
Cp2Fe2(C0)^CS 
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intermediate shovm could then eliminate either CO or CS to 
give the two major reaction products, which are always 
formed in approximately equimolar amounts. Alternatively, 
the [CpFe(CO)23 2 might be formed by attack of the second 
anion at the Fe atom of the first intermediate, causing 
elimination of CS and PhO~, The second of these proposed 
intermediates was never detected, but the thioester inter­
mediate can be prepared by another route, and does react 
with CpFe(C0)2~ to give [CpFe(C0)2]2 Cp2Fe2(C0)^CS 
(see below). Reaction 22 also produces a quantity of brown, 
insoluble material, and the total yield of Cp2Fe2(C0)^CS 
and [CpFe(C0)2^2 ^ l^ays accounts for only about 85-90% of 
the iron originally added as CpFe(C0)2~. Apparently there 
is a secondary reaction leading to decomposition, but the 
nature of this process is unknown. 
It is not clear why other thiocarbonyl reagents, such 
as CI2CS, and (p-N02CgH^0)2CS, should not 
react similarly to give the thiocarbonyl complex. Perhaps 
the initial intermediates obtained with these compounds are 
so unstable that decomposition to other products occurs 
before reaction to form Cp2Fe2(C0)^CS can take place. 
The use of organometallic thiocarbonyl reagents in the 
preparation of Cp2Fe2(C0)2CS was also investigated. As 
mentioned above, the compound CpFe(C0)2C(S)0Ph cannot be 
obtained from Cl-C(S)-OPh and CpFe(C0)2~; however, the 
compound can be prepared by the reaction of [CpFe(CO)2CS]CF^SO^ 
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with NaOPh in THF (reaction 23). It is too unstable to be 
isolated and purified (see below), but can be generated 
in situ and reacted with CpFe(C0)2~ to give Cp2Fe2(C0)^CS 
in yields comparable to those obtained with (PhO)2CS, 
J. THF M CpFe(C0)2 
(23) CpFe(C0)2CS' + PhO'-^&A» CpFe(C0)2C-0Ph ^ 
Cp2Fe2(C0)^CS + [CpFe(C0)2]2 
Complete reaction of the thioester requires more than one 
equivalent of CpFe(C0)2*", suggesting that a certain amount 
of the [CpFe(C0)23 2 produced in this reaction, and pre­
sumably also in the (PhO)2CS reaction, is formed in a process 
(perhaps the decomposition reaction mentioned above) unrelated 
to the formation of Cp2Fe2(C0)^CS. Prepared in this way, 
the thiocarbonyl complex invariably contains a small amount 
of [CpFe(C0)(CS)]2, evidently formed by prior reaction of 
the thiocarbonyl cation with unreacted NaH used in preparing 
the KaOFh solution. Undoubtedly this disadvantage could 
be eliminated by the use of a different base, such as MeLi, 
for deprotonation of the phenol. 
The dithioester CpFe(C0)2CS2Me also reacts with CpFe(C0)2' 
to give Cp2Fe2(C0)^CS. However, the yield obtained by this 
method ('^23%) is somewhat lower, and the compound is always 
contaminated with a foul-smelling substance (presumably an 
organosulfur decomposition product) that is difficult to 
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rénové. Nevertheless, this is the most convenient method 
for the preparation of small quantities (2-3 mmol) of the 
thiocarbonyl complex, since the dithioester can be easily 
and rapidly generated in situ for use in the reaction. 
The monothiocarbonyl compound cannot be obtained in 
useful quantities directly from the thiocarbonyl cation. 
Addition of CpFe(C0)2~ to CpFe(C0)2CS* in THF gives 
[CpFe(C0)2]2 almost exclusively, and reaction of equimolar 
amounts of CpFe(C0)2CS^ and CpFeCCO)^* with NaH in THF gives 
mainly [CpFe(C0)2]2 and [CpFe(CO) (CS)] 2* 
The isolation of Cp2Fe2(C0)-CS is essentially a problem 
of separating the thiocarbonyl complex from [CpFe(C0)2]2* 
The only practical and efficient method for effecting this 
separation was found to be column chromatography on Florisil. 
The eluting solvent must consist of CS2 and a smaller 
proportion of a stronger elutant, for example 5:1 CS2/CH2CI2 
or 49:1 CS^/'St^O» (The latter mixture is superior from the 
standpoint of time required for elution, but does not separate 
the thiocarbonyl complex from contaminants such as (PhOj^CS, 
[CpFe(C0)2]2^S and [CpFe(CO)(CS)]2») Other solvent mixtures 
will not resolve the two compounds on a column of manageable 
length, and also cause significant decomposition of the 
thiocarbonyl compound on the column. 
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ProTperties 
The thiocarbonyl complex Cp2Fe2(C0)^CS is an air-stable 
solid. It forms very dark red crystals that appear black 
to the unaided eye. The compound dissolves in all common 
organic solvents, its solubility being greatest in CH2CI2 
and acetone, and lowest in aliphatic hydrocarbons. Solutions 
in nonpolar solvents (e.g., hexane or benzene) are grayish 
brown, whereas in polar media (e.g., CH2CI2 or CH^CN) the 
color is grayish green; the significance of this color 
difference is discussed in the following section. Solutions 
of the compound may be handled in air for brief periods, 
but prolonged contact results in decomposition. In most 
respects the physical properties of Cp2Fe(C0)^CS are inter­
mediate between those of [CpFe(C0)2]2 snd [CpFe(CO) (CS) 12» 
as might be expected from its "intermediate" composition. 
Spectra and Structure of Cp2Fe2(C0)^CS 
Mass spectrum 
2 As with other metal thiocarbonyls, the mass spectrum 
of Cp2Fe2(C0)2CS shows a parent peak (m/e 370) and peaks 
corresponding to the stepwise loss of the CO ligands 
(m/e 342, 314 and 286). There is also a ferrocene peak 
(m/e 186), but no peak arising from dissociation of the CS 
group. 
82 
Visible spectra 
The visible spectrum of the thiocarbonyl complex in 
cyclohexane solution shows absorption maxima at 503 nm 
(e = 570) and 592 nm (£ = 500), In CH^CN solution the bands 
occur at 555 nm (£ = 750) and 615 nm (e = 530), confirming 
that the color of Cp2Fe2(C0)^CS in solution is solvent-
dependent, The spectra in both solvents also contain a 
very intense absorption at ~310 nm that is commonly found 
102 for metal carbonyls, 
IR spectra. SDectra and fluxional behavior 
Infrared spectra of Cp2Fe2(C0)^CS in solution (Table 3) 
show three absorptions from the CO ligands and a single 
band. Two higher-frequency CO bands suggest the 
symmetric and antisymmetric stretching of two terminal CO 
ligands, while the remaining CO band is characteristic of 
a bridging carbonyl. The low position of the CS stretching 
frequency indicates that this ligand occupies a bridge 
2 93 
position, The absence of any absorptions in the 
lifOO-1200 cm"*^ region shows that there is no significant 
amount of any species with a terminal CS group. 
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Table 3« IB stretching frequencies (cm"^) for Cp2Fe2(C0)^CS 
in various solvents. 
Solvent a 
^CO ^CS* 
cyclohexane 2010 VS; 1975 m(sh), 1971 vs, 1814 s 
hexane 2012 VS, 1972 vs, 1813 s 
CSg 2006 VS, 1969 s, I8O9 m 1130 m 
CHCl^ 2009 VS, 1971 m, I8O4 m 
CHgClz 2004 VS, 1968 m, I8O5 m 1124 m 
CBLCN 1999 VS, 1962 w, 1803 m 1120 m 
^Abbreviations: s = strong, m = medium, w = weak, 
sh = shoulder, v = very. 
In the CO region the spectra display a marked 
dependence on solvent polarity; representative examples 
are shown in Figure 1, This variation is also observed in 
the IR spectra of [CpFe(C0)2]£» and may be interpreted in 
the same way for the thiocarbonyl complex as was done for 
the carbonyl analog.The compound exists in solution 
as a mixture of intereonverting cis and trans isomers, the 
cis form being favored in polar media. Thus, in cyclohexane 
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Cp 
O 
II Cp f? 
oc CO 
II 
s 
trans 
S 
cis 
solution the band at 2010 vs and the barely perceptible 
shoulder at 1975 m may be assigned to and of the 
terminal carbonyls of the cis form, while the band at 1971 vs 
can be assigned to of the trans isomer (v being S.S oj ui 
inactive, or only weakly active, because of symmetry); 
apparently the frequency of the bridging carbonyl is the 
same for both isomers. In other solvents the terminal v 
frequencies also are coincident, as are the bands. In 
very polar solvents, such as CH^CN, only cis-Cp2Fe2(C0)^CS 
appears to be present. The cis/trans ratio in a particular 
solvent is established immediately upon dissolving the 
compound and does not change with time. 
Ambient-temperature NMR spectra of Cp2Fe2(C0)^CS 
in most solvents (Table 4 and Figure 2), show two sharp 
resonances, corresponding to the Cp groups of the two isomers. 
The lower-field peak can be assigned to the cis isomer, since 
its relative intensity increases with increasing solvent 
polarity. The two Cp resonances observed in solution 
coalesce at about 50°. In very polar media, the spectrum 
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r\ 
CH3CN CH2CI2 Cyclohexane 
Figure 1# IR spectra of Cp2Fe2(C0)^CS in various solvents, 
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consists of a single peak, indicating that the compound 
exists solely in the cis form. 
Table 4» NI-S chemical shifts (ppm) for Cp2Fe2(C0)XS in 
various solvents 
Solvent S Cp Ratio 
4.26, 4.33 2:1 
CSg 4.65, 4.73 4:7 
CDCl? 4.79, 4.83 2:3 
dg-acetone 3.01 
The spectra of Cp2Fe2(C0)-CS (Table 5) may be 
similarly interpreted. In less polar media, the spectra 
shOY/ two Cp resonances and tv/o terminal CO resonances, 
indicating tv/o isomers; the relative intensities for each 
pair are about the same as those observed for the two Cp 
signals in the ^11 NMR spectra. The bridging CO and CS 
ligands each give rise to only one signal, evidently because 
the chemical shifts of these groups are very nearly the same 
in both isomers. In the polar solvent acetone, only the 
cis isomer is present, and all of the ligands give single 
peaks. However, the most interesting feature of the ^^C NMR 
spectra of Cp2Fe2(C0)^CS is the chemical shift of the CS 
carbon (6 ~$80 ppm), which is the largest shift 
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J J i— 
dr-Acetone CDCl C^D 6"6 
Figure 2. NMH spectra of Cp2Fe2(C0)^CS in various solvents. 
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2 yet reported for a thiocarbonyl ligand. This is particularly 
striking in view of the fact that the bridging CS peak for 
[CpFe(C0)(CS)]2 occurs at higher field by nearly 100 ppm 
(6 ~287).^^ It is not evident why replacement of CS by CO 
in the bridge structure should cause such a dramatic down-
field shift in the resonance of the remaining CS ligand. 
Table 5» ^^C NMR chemical shifts (ppm) for Cp2Fe2(C0)2CS in 
various solvents 
Solvent 6 Cp 5 CO^ 5 CO^ 6 CS 
=6% 90.9, 91.6 210.4, 211.2 267.1 
CSz/CgDgC 90.5, 92.5 208.8, 209.7 265.2 
CDCl, 90.0, 92.1 208.5, 209.3 267.7 378.1 
dg-ac et one 92.1 211.4 268.1 380.6 
terminal CO. 
^Bridge CO. 
^9:1 mixture. 
The NI-IR spectra of the monothiocarbonyl complex are 
quite different from those of its close analogs, [CpFe(C0)2]2 
and [CpFe(CO)(CS)] 2« The latter compound is found by IE and 
Hî'IR to be essentially non-fluxional at ordinary temperatures. 
In contrast, the all-carbonyl complex undergoes very rapid 
isomerization; for example, the coalescence temperature for 
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the Cp signals in the NI-ÎR is about -50°.^^^ It is 
evident that introduction of even one bridging CS ligand 
decreases the rate of cis-trans isomerization remarkably. 
This is also found for the Ru analogs of the above compounds. 
The isomerization of [CpFe(C0)2^2 has been studied in 
detail by 13,^03,104,106 Ig ^ .^.g^lO^ and Nî-îR^°^ methods, 
A reasonable mechanism for this process, proposed by Adams 
"1 OA 
and Cotton, is shown in Figure 3* The essential features 
of the Adams-Cotton (AC) mechanism involve opening of the 
bridging groups to form a non-bridged molecule, rotation 
about the Fe-Fe bond, and re-formation of a bridged structure 
This process results in cis-trans isomerization with con-
conitant exchange of bridge and terminal ligands. As can be 
seen from the more general scheme shovm, the AC mechanism 
also satisfactorily accounts for the isomerization of 
Cp2Fe2(C0)3CS, In the latter case, the restriction that 
the CS ligand remain in a bridge position requires that 
bridge-terminal CO exchange in either isomer must involve 
cis-trans interconversion, whereas this is not necessarily 
true for the trans isomer of [CpFe(C0)2^2» 
It should be mentioned at this point that the trans 
isomer of Cp2Fe2(C0)3CS is actually a pair of enantiomers. 
However, this fact is of no importance to the spectra or 
chemistry of the compound and its derivatives. 
The preference of the CS ligand for a bridge position 
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Fe? -Fe 
.Cp 
oc r CO 
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CIS 
OC>^ /C< 
Fe< ^Fe" 
Cp II 
o 
CO 
trans 
Figure 3* Adams - Cotton isomerization mechanism for 
[Ci)feCCO)^ ] 2 (X = 0) and CPaFegXCOj^ CS (X = S) 
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in C^2^e2^C0)^CS and related thiocarbonyl coiaplexes^^*^^*'^^ 
is understandable in view of the relative bond strengths in 
CO and CS. Formation of a "ketoaic" or "thioketonic" bridge 
requires sonie sacrifice of Tr-bonding in the C=X bonds. Since 
17 23 this bond is siuch weaker in CS, ' the migration of a CS 
ligand from a tersiinal to a bridging position results in 
little loss in C-S ir-bond stabilization. The stabilization 
gained by forming an additional Fe-CS bond more than 
compensates for any loss in C-S ir-bonding. This also 
accounts for the slower isomerization observed in Cp2Fe2(C0)^CS 
and other CS-bridged complexes, since the more stable bridge 
structure would be expected to dissociate less readily to 
non-bridged forms required by this process. 
A final note of interest concerns the possibility of 
isolating the tv/o isomers of Cp2Fe2(C0)^CS. This separation 
is easily accomplished for [CpFe(C0)2]and also for 
[CpFe(CO)(CS)but thus far it has not proved possible 
for the monothiocarbonyl complex. The compound can be 
obtained in several different crystal forms, depending on 
the solvent and temperature used in crystallization. However, 
all of these products have the same solid-phase ÎR spectrum. 
It appears that Cp2pe2(C0)^CS may exist in the solid state as 
only one isomer or mixture of isomers. An X-ray crystal 
structure, currently in progress, may resolve this question. 
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Reactions of CpFe(C0)2C(S)0?h 
The synthesis of the thioester complex CpFe(C0)2C(S)Ph, 
presumed to be an intermediate in the formation of 
Cp2Fe2(CO)^ CS, was discussed in the previous section. The 
compound, which is a dark brov/n oil, can be identified by 
IR (Table 6) but is not stable enough to be isolated. 
Table 6, IH stretching frequencies (cm~^ ) of various cyclo-
pentadienyl iron carbonyl and thiocarbonyl compounds 
Compound Solvent C^O 
a 
CpFe(CO)2C(S)OPh hexane 2042 s, 1996 s 
[ CpFe(C0)2C(0Me)2] PFg CHgClz 2068 s. 2020 s 
CpFe(C0)(CS)Br CS2 2032 s 1310 vs 
CpFe(C0)(CS)I CS2 2023 s 1304 vs 
CpFe(C0)(CS)SnPh^  CSg 1978 s 1288 vs 
CpFe(C0)(CS)GePh^  CS2 1982 s 1289 vs 
CpF e(CO)(MeNC)5nPh= hexane 2117 m/ 1945 s 
CpFe(CO)(PrNC)SnPh^  hexane 2115 m,^  1946 s 
CpFe( CO ) (CyNC ) SaPh? hexane 2115 1947 s ' 
CpFe ( CO ) C ) SnPh, CS2 1893 s — 
S^ee Table 3» footnote a, 
absorption. 
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In addition to its reaction with CpFeCCO)^" to give 
the monothiocarbonyl compound, the thioester reacts with 
109 
strong alkylating agents to give cationic thiocarbenes," 
The initial product of reaction 24 was detected by IR 
H MeOSOpF .SMe 1) PFr" 
(24) CpFe(C0)2C-0Ph ^ CpFe(C0)2C<^ + FSO^' 2) KeOH^ 
^OMe 
CiDFeCCOpCCj + PF<" + MeSH + PhOH 
^ OMe ° 
(VçQ 2059 vs, 2019 s in CE^Ol^), but could not be crystallized. 
However, addition of HeOH gives the stable, crystalline 
dimethoxycarbene complex. The IR spectrum (Table 6) and 
NMH spectrum (Table 7) clearly support this formulation. 
The spectrum of [CpFe(CO)2C(OMe)23PF^ shows a typical 
low-field resonance^^^ (6 ^ 249 ppm) for the carbene carbon 
atom. The stability of this compound is interesting, 
inasmuch as carbenes of this type cannot be obtained by 
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alkylation of metal alkoxycarbonyl complexes. 
No other reactions of CpFe(C0)2C(S)0Ph or 
[CpFe(C0)2C(0Me)2^PFg were attempted, as compounds of this 
type are currently under investigation by another member 
of this research group (F, McCormick),^^^ 
Table 7. NMR chemical shifts (ppm) of various cyclopentadienyl iron carbonyl and 
thiocarbonyl compounds 
Compound Solvent 6 Cp 6 R 
[CpFe(C0)2C(0He)]PF^ dg-ac et one 5.65 4.42 (Me) 
CpFe(CO)(CS)Br CSg 5.10 
CpFe(CO)(CS)I CSg 5.07 
CpFe(CO)(CS)SnPh^ CSg 4.78 7.20-7.70 (Ph) 
CpFe(CO)(CS)GePh^ CSg 4.69 7.15-7.60 (Ph) 
CpFe(CO)(MeNC)SnPh^ CSp 4.48 2.70 (Me), 7.10-7.60 (Ph) 
CpFe(CO)C(NgCgH^)SnPh, egg 4.38 3.05 (CHg), 5.45 (NH), 7.10-7.60 (Ph) 
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Cleavage Reactions of Cv2FQ^iC0)^CS 
The carbonyl complex [CpFe(C0)2l£ undergoes numerous 
reactions in which the Fe-Fe bond is cleaved, Reaction 
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with halogens, gives CpFe(C0)2X compounds. A more 
general route to such compounds involves treatment of the 
dimer with 0^ and aqueous HBF^ in acetone; this gives 
CpFe(C0)2(H20)'^, from which CpFeCCO)^^ compound may be 
obtained by reaction with almost any anionic ligand.^^^ 
Reduction of the dimer to CpFe(C0)2~ by Na(Hg) is another 
important cleavage reaction,As a final example, the 
reaction of [CpFe(C0)2^2 with Me2^2 in refluxing benzene 
gives the thiomethoxy-bridged complex [CpFeCCO)(MeS)]2>^^^ 
which can be regarded as a cleavage product because it does 
not contain a metal-metal bond. 
In the present study it was of interest to determine 
whether Cp2Fe2(CO)^CS would also undergo such reactions. 
In most instances it is found that the CS ligand exerts a 
marked influence on the reactivity of the thiocarbonyl complex 
toward cleavage and on the nature of the products formed. 
The thiocarbonyl complex reacts rapidly with CI2 in 
CCl^ at 0°, and with and I2 in CSg at room temperature. 
In all cases the major product is an insoluble black tar. 
The composition of this substance was not determined, but 
it seems likely that the product may consist in part of 
polymerized CS, The bromine and iodine reactions do yield 
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small amounts of the expected cleavage products, CpFe(C0)2X 
and CpPe(CO)(CS)X« Infrared spectra of the thiocarbonyl 
products (Table 6) show the expected single v^ q band and 
the very strong band characteristic of teriainal CS 
ligands. The compounds were also characterized by NI-îH 
(Table 7)» It is not clear why the main result of these 
reactions is destruction of the CS group. This also occurs 
to some extent in the reactions of [CpFe(CO)(CS)]and 
[Cp2u(C0)(CS)]2^^ with halogens, and so may be characteristic 
of thiocarbonyl-bridged complexes. 
Unlike its carbonyl analog, Cp2Fe2(C0)^CS does not 
react with Ke2S2 upon prolonged reflux in benzene. This 
result is probably attributable to the inability of this 
relatively v/eak electrophile to disrupt the more stable 
bridge structure of the thiocarbonyl complex. 
vrnen 0^ is passed through an acetone solution of 
Cp2Fe2(C0)^CS and aqueous HBF^, an immediate reaction occurs, 
giving a red mixture. The thiocarbonyl product obtained is 
the S-adduct [Cp2Fe2(C0)^CS*CpFe(C0)2^BF^, which is discussed 
in a later section. Formation of this product may be explained 
in the following way. Some of the thiocarbonyl complex first 
undergoes oxidative cleavage to CpFe(C0)2(H20)* and 
CpFe(CO)(CS)(K2O)'''. The remaining Cp2Fe2(C0)^CS then reacts 
with these species to form the corresponding S-adducts, 
Finally, the CpFe(CO)(CS)^ adduct is rapidly hydrolyzed to 
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to the dicarbonyl product, accounting for the H2S produced 
in the reaction. 
The thiocarbonyl complex reacts rapidly with Na(Hg) 
in THF to give a mixture of NalCpFeCCO)^ ] and Na[CpFe(CO)(CS)]. 
O f  t h e  f e w  t h i o c a r b o n y l  a n i o n s  k n o w n , C p F e ( C O ) ( C S ) ~  
is the first to be produced by actual reduction of a thio­
carbonyl complex. Initially the solution is red-brown, but 
prolonged stirring with excess Na(Hg) gives a dark brown 
mixture and results in gradual destruction of the thiocarbonyl 
anion. Like the dicarbonyl anion, CpFe(CO)(CS)" is highly 
reactive and extremely air-sensitive. Interestingly, 
exposure of the CpFe(C0)2"/CpFe(C0)(CS)'" solution to air 
gives mainly Cp2Fe2(C0)^ CS rather than, as might be expected, 
(CpFe(CO)23 2 the more stable [CpFe(CO)(CS)] 2» Reactions 
of the thiocarbonyl anion are discussed in the following 
section, 
Seactions of CpFe(CO)(CS)" and CpFe(CO)(CS)SnPh^  
C-oFeCCO)(CS)' 
Addition of Mel to a mixture of CpFe(C0)2~ in THF 
gives CpFe(C0)2Me and small amounts of two other products, 
neither of which was particularly stable at room temperature. 
One of these is an orange compound whose IR spectrum in CS2 
shows a single strong CO absorption at I96O cm~^ ; the ^ H NMR 
spectrum shows an Me resonance at 6"2,53 , This Me peak occurs 
at nearly the same position as the Me resonances of 
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trans-IV/(CO), CS-He^^ and the recently-prepared 
CpV/(C0)2CS-Me,^^^ which contain S-alkylated terminal CS 
ligands. Therefore, it appears that alkylation of the iron 
thiocarbonyl anion gives the S-methyl compound 
CpFe(CO)(CS-Me), rather than the expected metal-alkylated 
product, CpFe(CO)(CS)Me, for which the Me resonance would 
be expected to occur at much higher field (e.g., 6 Me of 
CpFe(C0)2Me is 0.15 ppm^^^). The observed product may be 
(25) CpFe(CO)(CS)' + Mel CpFe(CO)(CS-Me) + I" 
regarded either as an S-alkyl thiocarbonylium complex, 
120 M-C=S-R, or as an S-alkyl thiocarbyne compound, M=C-S-R. 
The apparently high nucleophilicity of the CS sulfur atom 
in CpFe(CO)(CS)~ is probably attributable to the stronger 
electron-withdrawing ability of CS and the inherently 
greater nucleophilicity of sulfur compared to oxygen. 
The other product of this reaction is a black solid. 
The IR spectrum in CS2 shows a strong band at I963 cm~^, 
while the NMR spectrum shows a single Cp resonance (6 4.62) 
and two Me resonances (6 2.47, 2.52). The identity of this 
compound is not evident. One possibility is a carbene 
product resulting from addition of excess Mel across the 
FesC bond of the thiocarbyne compound. However, this is 
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,SMe 
(26) CpFe(CO)(CS-Me) + Mel CpFe(CO)(I)CO-
Me 
only a speculation, since this compound ivas never isolated 
in sufficient quantities for purification and analysis. 
As another example of the different reactivities of 
CpFe(CO)(CS)~ and CpFe(C0)2*'> the reaction of the thio-
carbonyl anion with CS^/Xel does not give CpFe(CO)(CS)CS2Me. 
Presumably, reaction occurs at the CS sulfur rather than 
the metal in this case also, but the actual product obtained 
was not identified. The intent of this reaction was to 
prepare the dithioester intermediate for subsequent use 
in the synthesis of CpFe(C0)(CS)2*, as shown in reaction 2?. 
1) CSp n 
(27) CpFe(CO)(CS)" He^ CpFe(CO)(CS)C-SMe ^  
CpFe(C0)(CS)2* + MeSK 
However, it now appears that the bis-thiocarbony1 cation 
will not be accessible from the thiocarbonyl anion. 
In contrast to the preceding results, reaction of the 
thiocarbonyl anion with Ph^SnCl and Ph^GeBr gives the 
metal-metal bonded derivatives CpFe(CO)(CS)MPh^, as shown 
by the 15 and Ni® spectra (Tables 6 and 7) which are typical 
of CpFe(CO)(CS)X compounds. Other arylmetal compounds, such 
(28) CpFe(CO)(CS)" + Phy-îX CpFe(CO)(CS)MPh^ + X" 
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as Ph^PbCl and PhHgCl, appear to react similarly, but these 
derivatives were too unstable to be isolated. In the case 
of the tin compound, the higher yield and greater stability, 
and the fact that the reaction occurs at Fe rather than S, 
can probably be attributed to the relatively strong Fe-Sn 
121 bond found in similar complexes, 
A recurrent problem in the study of the reactions of 
CpFe(CO)(CS)~ is the fact that the reduction of Cp2Fe2(C0)^CS 
also gives CpFe(C0)2~j which complicates the separation and 
purification of products from such reactions. Unfortunately, 
the thiocarbonyl anion cannot be generated from CpFe(C0)2CS* 
or [CpFe(C0)(CS)]2» Attempts to react the two anions 
selectively — for example, by addition of half an equivalent 
of Mel, followed by half an equivalent of Ph^SnCl — give 
mixtures of all possible products. This result indicates 
that the nucleophilicities of CpFe(CO)(CS)~ and CpFe(C0)2" 
must be comparable, 
Reaction of CpFe(C0)(CS)" with CpM(C0)=Cl (K = Mo, W) 
gives Cp^FegCCOy^CS, [CpFeCCO)(CS)] 2» [CpFe(C0)2l2 and 
[CpM(C0)^]2 rather than mixed-metal thiocarbonyl complexes. 
This is the usual result of the reaction of a metal carbonyl 
anion with a metal carbonyl halide whose corresponding anion 
122 is less nucleophilic. Therefore, synthesis of mixed-metal 
thiocarbonyls may be possible by reactions of CpFe(CO)(CS)X 
(X = CI, Br, I) with appropriate carbonyl anions. 
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CT)Fe(CO)CCS)SnPh^ 
The terminal CS ligand in CpFe(CO)(CS)SnPh^, like 
those in certain other thiocarbonyl complexes,reacts 
with primary amines to give isocyanide complexes, as indicated 
by the disappearance of the band in the IR spectrum and 
(29) CpFe(CO)(CS)Sn?h^ + R-NH2 CpFe(CO)(H-NC)SnPh^ + H2S 
the appearance of the isocyanide absorption, Methylamine 
reacts rapidly, but with other aliphatic amines the reaction 
is very slow. In these cases, addition of pyridine increases 
the reaction rate to some extent, as was also observed for 
6Q 
the similar reactions of W(CO)^CS, These reactions 
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undoubtedly occur by the same mechanism proposed for the 
reaction of V/(CO)^CS with amines, in which attack of a 
hydrogen-bonded amine complex occurs at the thiocarbonyl 
carbon atom. Infrared and NMR data for isocyanide complexes 
prepared in these reactions are shov/n in Tables 6 and 
Unlike \V(CO)^CS, CpFe(CO)(CS)SnPh^ is unreactive toward 
secondary amines, presumably because the size of the SnPh^ 
group prevents close approach of the rather bulky nucleophile. 
On the other hand, ethylenediamine reacts to give a different 
type of product, the cyclic diaminecarbene complex 
CpFe(C0)C(N2'^2^4^)2nPh^; spectroscopic data for this compound 
are shown in Tables 6 and 7. There is no IR evidence for 
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(30) CpFe(CG)(CS)SnPii. + | CpFe(CO)(cf hSnPh, 
^ 2*^ ^NH—1 ^ 
+ E^ S 
the initial formation of an isocyanide complex, though the 
reaction presumably involves such an intermediate; apparently 
the ring closure is very rapid. In contrast, ethanolamine 
gives an isocyanide complex, evidently because the hydroxy 
group is insufficiently nucleophilic to promote ring formation. 
Substitution Reactions of Cp2Fe2(00)^ 05 
Phosphine and phosphite derivatives 
The thiocarbonyl complex Cp2Fe2(C0)^GS undergoes thermal 
carbonyl substitution by PEt^, PMe2Ph, PMePh2 and P(OMe)^ 
to give the monosubstituted complexes Cp2Fe2(C0)2(CS)L, 
These reactions were tried in several different solvents. 
No reaction occurs in acetone or THF at reflux. In hydro­
carbon solvents the reactions are rather slow below 100°, 
and considerable decomposition of the thiocarbonyl complex 
occurs (giving ferrocene and unidentified insoluble products). 
However, in refluxing CH^CN, substitution proceeds much more 
rapidly, and with little decomposition. For the above ligands, 
CH,CN 
(31) Cp2Fe2(C0)^CS + PS3 Cp2Fe2(C0)2(CS)P]R^ + CO 
the observed order of reactivity is PSt^'V'PMe2Ph>P(0Me)^>>?MePh2» 
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Tributyl phosphine also reacts, but the product is rather 
unstable and was not isolated. Other ligands, such as PPh^, 
diphos and P(OPh)^, gave no evidence of substitution products. 
Derivatives of these ligands could be obtained by photo­
chemical reactions, but, as with the PBu^ complex, the 
products were not very stable. 
Substitution reactions of metal carbonyls^^ generally 
follow a rate equation of the form Hate = + k^EM][L], 
where M and L represent the metal carbonyl and ligand, 
respectively. The first term represents a dissociative 
reaction independent of the ligand concentration (S^l), 
while the second represents a ligand-dependent associative 
(Sjr2) process involving attack of the ligand at the metal 
center. The marked dependence of the above substitution 
reactions of Cp2Fe2(C0)^CS on the nature of the ligand 
suggest that these reactions proceed mainly by an associative 
process. A kinetic study of the reaction of the thiocarbonyl 
complex with PKe^Ph was undertaken to determine if this was 
the case. In the non-polar solvent decalin at 115°, the 
rate constants obtained were k^'v 2.2 X 10"^ sec"^ and 
k^ 'V 7*6 X 10~^ sec"^, which would seem to indicate 
that the associative reaction does indeed predominate. (The 
above value of k^ is corrected for the decomposition of 
Cp2Fe2(C0)^CS, which is assumed to be a first-order process.) 
However, other results of this study indicate that the 
actual reaction mechanism may be more complex, since at high 
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phosphine concentrations (>20-fold excess), the reaction is 
initially slower than at lower concentrations. It is not 
clear what sort of interaction of thiocarbonyl complex and 
phosphine could produce such an effect. Kinetic data for 
this reaction are shown in Table 7a. 
This reaction was also studied in the polar solvent 
BuCN at 85®o At all phosphine concentrations there was an 
induction period of about 20 min, after which the reaction 
proceeded so rapidly that no kinetic data could be obtained. 
The reaction aptjears to be phosphine-independent in this 
solvent (and presumably also in CH^CN). Therefore, the 
rate enhancement observed for the reactions in CH^CN could 
result from a substantial increase in the first-order 
(dissociative) rate constant, as is sometimes found for 
other metal carbonyl substitution reactions in coordinating 
solvents.However, as with the reactions in decalin, 
the peculiarities associated with the reaction prevent an 
unambiguous interpretation of the results. 
Substitution reactions of [CpFe(C0)2]2 with phosphines, 
phosphites^^^ and primary amines^^^ have been investigated, 
and in most cases these reactions occur readily in refluxing 
benzene. In contrast, the reaction of C^^e2iC0)-^CS with 
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Table 7a. Kinetic data for the reaction of Cp2Fe2(C0)^CS 
with PMe^Ph in decalin at 115° 
[PMe^Ph] , M kobs' sec-l 
2.54 X 
(\j 1 o
 1.28 X 10-4 
5.29 X 10"2 1.48 X 10-4 
7.93 X 10-2 1.69 X 10-4 
10.6 X 10"^ 1.89 X 10-4 
^[CpgFegCCOijCSlwas 2.53 X 10'^ M in all runs. 
^In the absence of PMe2Ph, the thiocarbonyl complex 
decomposed in decalin at 115°» with = 8.60 X 10"^ 
sec"^ obtained from slope of In(A - A^) vs. time graph. 
^Values of were obtained from graphs of In (A - A^^) 
vs. time (see p. 71); values reported above are averages 
from at least two runs. 
^Graph of k^^^ vs. [PMe^Ph] was linear, with intercept = 
k^ = 1.08 X 10"4 sec'"' and slope = k^ = 7.55 X 10"^ 
sec""* ; correction for the decomposition of the thio­
carbonyl complex gives k^ = 2.2 X 10"^ sec~\ 
phosphines and phosphites under the same conditions is very 
slow, and amines fail to react even in refluxing CH^CN. 
The thiocarbonyl complex, unlike CCpFe(C0)2^2j^^^ also fails 
to undergo ^^CO exchange at room temperature. Thus, 
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Cp2Fe2(C0)-CS is the first example of a thiocarbonyl complex 
which undergoes CO replacement less readily than does its 
carbonyl analog.These results are surprising in 
view of the fact that the carbonyl stretching bands occur 
at higher frequencies in Cp2Fe2(C0)^CS than in [CpFe(C0)2] £> 
which night seem to indicate the the ?-backbonding, and 
hence the Fe-CO bond strength, is somewhat lower in the 
thiocarbonyl compound. The reason for this apparently 
anomalous behavior of Cp2Fe2(C0)^CS is not evident. However, 
it should be pointed out that all previous reports of the 
labilizing effects of OS concern complexes with terminal 
thiocarbonyl ligands. It will be interesting to see if the 
reverse effect is general in thiocarbonyl-bridged compounds. 
The phosphine and phosphite derivatives 0-02^6^(00)^(.CS)L 
are very dark green or brown crystalline solids. The com­
pounds decompose slowly if stored in air at room temperature, 
but appear to be indefinitely stable at -20°. They are 
sparingly soluble in aliphatic hydrocarbons, but more 
soluble in other organic solvents, and form characteristic 
deep green solutions. In solution the compounds are some­
what more susceptible to air oxidation and thermal decomposi­
tion than is the parent thiocarbonyl. 
The IR spectra (Table 8) of all the derivatives except 
the Pi-'ePh2 compound display one strong terminal CO stretch 
and also a single strong band for the bridging carbonyl; these 
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bands occur at lower frequencies than in Cp2Fe2(C0)^CS, as 
would be expected because of the increase in electron density 
resulting from the introduction of a donor ligand. The CS 
band is considerably stronger than that of Cp2Fe2(C0)^CS, 
undoubtedly because of the lower symmetry of the substituted 
derivatives. The spectrum of the PHePh2 complex differs 
from those mentioned above in that in non-polar solvents 
there are two strong terminal CO absorptions, although the 
other spectra have much weaker bands in both the terminal 
and bridging regions. In all of the spectra the band 
has a w-m shoulder on the high-frequency side. These spectra 
are not noticeably solvent-dependent, again except for that 
of Cp2Fe2(C0)2(CS)PKePh2, which shows only one terminal 
band in polar solvents. 
The IS data are consistent with the presence of cis 
and trans isomers of Cp2Fe2(C0)2(CS)PR^ in solution, with 
only one isomer predominant in most cases. This is also 
found to be the case for the carbonyl analogs CpgiFegXCOy^PR^*^^^ 
The cis-trans interconversion of the thiocarbonyl compounds 
can occur by the AC mechanism if the CS and PR^ ligands are 
on the same Fe atom in the non-bridged intermediate, as can 
be seen by mentally substituting a ligand for the 
appropriate carbonyl in one of the non-bridged isomers shown 
in Figure 3, 
The NM3 spectra of the Cp2Fe2CC0)2(CS)PR^ complexes 
Table 8. IR stretching frequencies (cm"^) for derivatives of Cp2Fe2(C0)^CS 
Compound' Solvent 
''CO 
V CS 
Fe'CS(PEt^) 
Fe'CSCPMOgPh) 
Fe'CSCPMePhg) 
hexane 
CSg 
CHgClg 
hexane 
CSg 
CHgClg 
hexane 
CSo 
CHgClg 
1945 vs, 
1945 vs, 
1936 vs, 
1950 vs, 
1950 vs, 
1940 vs, 
1970 vs, 
1757 s 
1760 s 
1764 6 
1748 s 
1758 s 
1760 s 
1747 s 
1951 s, 
1964 vs, 
1748 s 
1944 s, 
1953 vs, 1745 s 
1102 m'' 
1099 m 
1104 m 
1100 rn 
1100 m 
1098 m 
^Abbreviations; Fe* = CpgFegCCO)^, Fe' = CpgFegfCOÏg, Fe" = Cï^FegCCO), 
^See Table 3» footnote a. 
'V 
CS band for ail PR, derivatives has w-m sh at 1120. 
Table 8. (Continued) 
Compound a Solvent 
Fe«CS(P(OMe)^) 
Fe'CS(P(OPh)j) 
Fe«CS(MeNC) 
hexane 
CSo 
CHgClg 
CH2CI2 
hexane 
C6H6 
CS^ 
CHgClg 
CH^CN 
absorption, 
^Recorded in 0#1 mm cell. 
b 
^CO 
b 
^ CS 
1972 vs, 1952 m, 
1765 s 
1965 vs, 1759 s 
1959 vs, 1755 s 
1963 vs, 1766 s 
2150 m,^ 2005 m, 
1965 vs, 1749 G 
2160 s,^ 1994 w, 
1954 s, 1781 vs 
1998 m, 1961 VS; 
1784 8 
2164 S,^ 1996 w, 
1961 vs, 1773 G 
2164 e/ 1988 w, 
1958 vs, 1777 6 
1108 m 
1106 m 
1122 s, 1114 
1119 s, 1113 
1119 s, 1113 
1120 s, 1113 
Table 8. (Continued) 
Compound a Solvent 
Fe"CS(HeNC)2 hexane 
C6H6 
CSg 
CHgClg 
CH^CN 
Fe"CS(MeNC)p^ CSg 
CHgClg 
FefCS'HgClg CHgClg 
f Bridge-terminal isomer, 
^Bis-terminal isomer. 
^Saturated with HgXg. 
V b 
CS-
2143 I960 s, , 
1951 vs, 1723 s^ 
2152 s/ 1949 vs, 1122 s, 1111 s 
1720 
1954 vs, 1723.8^ 1119 s, nil s 
2155 s,^ 1954 vs, 1120 m(6h), 1105 
1720 s^ 
2155 s,^ 1952 vs, 1120 ra(sh), IIO7 
1720 s^ 
1764 s 1103 s 
2154 V8,d 1751 s 1110 m-s 
2037 s, 2004 m, 1019 w 
1842 m 
Table 8. (Continued) 
Compound^  Solvent 
Fe*CS.HgBr2 CHgClg^ 
Fe*CS.BBr^  CHgClg^  
Fe#CS'Cr(CO)c CSg 
Fe*C8.W(C0)c CSg 
(FeKCSjpPtClp CHgClg 
[Fe*CS-HgMe]PFg CHgClg 
[Fe*CS.CpFe(C0)2lBF^ CHgClg 
E^xcess BBr^  present. 
"co'' "os'' 
2035 s, 2006 m, 1020 w 
1840 m 
2039 6, 2006 m, 1022 w 
1842 m 
2061 m, 2020 s, 1082 w 
2005 w, 1977 Vf, 
1934 s, 1916 m, 
1825 w-m 
2067 m, 2022 s 1076 w 
1992 V/, 1977 w, 
1931 s, 1911 m, 
1827 v/-m 
2024 VS, 1992 m, 1081 w, 1033 V/ 
1828 s 
2033 e, 1998 m, IOI7 w 
1844 6 
2049 VS, 2025 s, 
2006 m, 1834 w 
o 
Table 8. (Continued) 
Compound® Solvent 
[Fe*CS»CpFo(CO)(CS)]BPh^  CH.CN 
[Fe*CS-Me] PFx CHgClg 
[Fe*CS-Et]PF^  CHgClg 
[Fe*CS-Pr]PF^  CHgClg 
[Fe*CS-Bu]PF^  CHgClg 
[Fe*CS-All]PF^  CHgClg 
[Fe*CS.Bz]PF, CHgClg 
[FetCS-CHgljPF^ CHgClg 
T^erminal CHCl^  solution. 
2032 s, 2020 s, 1315 mi 
1987 m, 1834 m 
2040 s, 2012 w, 1028 w 
1856 m 
2040 s, 2009 w, 1024 w 
1855 m 
2039 s, 2008 w, 1022 w 
1855 m 
2039 B, 2009 w, 1024 w 
1855 m 
2040 s, 2010 w, 1017 w 
1856 m 
2039 s, 2011 w, 1023 w 
1857 m 
2044 s, 2017 w, 1009 w 
1860 m 
Table 8* (Continued) 
Compound^ Solvent 
[FewCS-CHgCOOEtlPF, CH^Clg 
[Fe'CS-Me(PEt^)lPF^ CH^Clg 
[Fe'CS-Et(PEt^)]PF^ CHgCl^ 
tFe'CS-BzCPEt^)]PFg CH^Clg 
[Fe»GS-Me(PMe2Ph)]PF^ CHgCl^ 
[Fe'CS-MeCPMePhg)]PF^ CHgClg 
tFe>CS-Me(PPh^)]PF^ CHgClg 
[Fe*CS-Me(P(OMe)^)]PFg CHgClg 
[Fe'CS-Me(P(OPh)^)]PFg CHgClg 
[Fe«CS-Me(py)]PF^ CHgClg 
[Fe'CS-HG(MeNC)] PFg CHgClg 
^Ester ^Q_Q absorption. 
V b 
OS 
2043 s, 2014 w, 1015 w 
1859 m, 1739 
1985 vs, 1818 s 1004 ra 
1984 VG; 1818 s 1006 ra 
1979 vs, I8O9 s 998 m 
1991 vs, 1816 s 1008 m 
2003 VG, 
1811 s 
1971 v/> 1008 m 
1998 vs, 1801 s 1007 m 
2004 vs, 1812 s 
2005 vs, 1825 6 1013 m 
1998 vs, 1806 S 1010 ra 
2196 B,d 
1834 6 
2006 vs. 1019 m 
Table 8» (Continued) 
Compound^ Solvent b vco 
b 
^CS 
tFe'CS-Et(MeNC)] PF^ CHgClg 2195/ 2005 vs, 
1833 8 
1017 m 
[Fe"CS-He(HeNC)2] PFx CHpClp 2190 V8,d I8I5 S 1014 m 
[Fe"C5-He(PhNC)2] PF^ CHgClg 2133 vs,d 
2045 w(sh), 
2003 s, 1831 s 
1020 m 
[ Fe"CS-Me(M02NC ) (MeNC)] (PF^ig CH^NOg 2222 vs/ 2038 VS, 
1620 m-s^ 
0
 
I—l 
m'" 
[ Fe'CS-Me(Cl)] CHgClg 2000 vs, I8I5 s 1012 m -
[ Fe»CS-He(Br)] CHgClg 1996 vs, 1812 s 1011 m 
[ Fe'CS-Me(I)] CHgClg 1992 VS, 1807 s 1011 ra 
[ Fe'CS-Et(I)] CHgClg 1991 vs, 1807 s 1009 m 
^^C=N absorption of bridging Me^NC^ ligand; KBr wafer, 
'^Acetone solution; 1043 m in KBr, 
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(Table 9) also indicate that (in CDCl^, at least) only one 
isomer is present. Ambient-temperature NMR spectra reported 
for the carbonyl analogs are very similar,but these 
ipf. 
molecules are laiovm to be highly fluxional species. 
However, it is likely that the thiocarbonyl compounds will 
isomerize much more slowly, owing to the stabilizing influence 
of the bridging CS ligand, and hence should give more 
complicated spectra if both isomers were present. Since 
this is not observed, it may be concluded that only one of 
the isomers predominates, (The different signals observed 
for the Me groups in Cp2Fe2(C0)2(CS)?Me2ph arise from non-
equivalence rather than the presence of isomers,) It is 
not possible with the presently available data to determine 
which of the isomers is favored. For the carbonyl analogs 
Cp^FegXCO)^?#^ it is known to be the cis form,^^^ so it 
seems likely that this is also the case for the thiocarbonyl 
compounds. 
Isocyanide derivatives 
Metal isocyanide complexes have been studied extensively 
127 128 for many years, * Recent work on isocyanide derivatives 
of [CpFe(C0)2]2^^^ is especially relevant to the present 
research. This compound reacts with MeNC in refluxing THF 
to give a mixture of the mono-, di- and trisubstituted com­
plexes, all of which have been characterized. Of particular 
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importance is the fact that isocyanide ligands, like CO and CS, 
can occupy both terminal and bridge positions. It was of 
interest to determine whether replacement of one or more car-
bonyls in Cp2Fe2(C0)^CS with isocyanide ligands would force 
the CS group into a terminal position. 
The monothiocarbonyl complex reacts with excess MeNC in 
refluxing THF to give only the monosubstitution product, 
Cp2Fe2(00)2(03)(MeNC), However, if the reaction is carried 
out in refluxing CH^CN, only the bis-isocyanide complex, 
Cp2Fe2(C0)(CS)(MeNC)2, is obtained. There is no evidence for 
the formation of a trisubstituted product. These results 
thus provide a convenient method for selective preparation of 
the thiocarbonyl derivatives, and also illustrate again the 
different reactivity of Cp2Fe2(C0)^CS compared to that of 
[CpFe(C0)2]2* Also, unlike its carbonyl analog,the thio-
THF 
<
reflux^ Cp2Fe2(C0)2(CS)(HeNC) 
CH^CN 
reflux ^  Cp2Fe2(C0)(CS)(MeNC)2 
carbonyl complex fails to undergo thermal substitution by PhNC, 
Evidence of PhNC substitution could be obtained only in photol­
ysis experiments, which gave mixtures of products that proved 
difficult to separate and characterize. 
The monosubstituted complex Cp2Fe2(C0)2(CS)(MeNC) is a 
Table 9» NMR chemical shifts (ppm) for derivatives of CpgFegtCO)^^^ in 
d^-acetone solution 
Compound^ 6 Cp 6 
Fe'CSCPEt^)^ 4.53 (d),d 4.80 0.70-1.60 (m, Et) 
Fe'CS(PKiepPh)^ 4.25 (d)/ 4.79 O.9I (d, Me),® 
7.30-7.90 (m, Ph) 
Fe'CS(PMePhp)^ 4.24 (d)/ 4.61 I.70 (d, Me),® 
7.20-7.60 (m, Ph) 
Fe'CS(P(OMe)^)° 4.59 (d),^ 4.74 3.58 (d, He)® 
®See Table 8, footnote a. 
^Abbreviations; d = doublet, t = triplet, q = quartet, m = multiplet, 
br = broad. 
^CDCl^ solution. 
JpFeCH - HZ' 
"^PCH ~ 9.0 Hz» 
^'^PFeCH 
^"^POCH ~ 
Table 9» (Continued) 
Compound a 6 Cp 
Fe'CS(MeNC) 
Fe'C5(MeNC)' 
Fe*CS(MeNC) 
Fe'CS(MeNC)' 
h 
4.68, 4.80 
4.70, 4.82 
4.51, 4.62 
4.48, 4.51 
Fe"CS(MeNC)2 
Fe"CS(MeNC)2*^ 
Fe"CS(HeNC)2^ 
Fe"CS(HeNC)_3 
^CS2 solution. 
^C^D^ solution, 
^Terminal isocyanide, 
^Sridging isocyanide. 
4.70, 4.86 
4.67, 4.83 
4.51, 4.67 
4.54, 4.60 
6 
3.05 (Ke) 
3.03 (Me) 
3.00 (Me) 
1.98 (Me) 
3.01 (Me),j 3.78 (He)k 
2.96 (Me),j 3.72 (Me)^ 
2.93 (Me),j 3.60 (Me)k 
2.02 (He),j 3.65 (Me)^  ^
Table 9» (Continued) 
Compound^ 6 Cp 
Fe*CS.HgCl2 5.54 
Fe*CS.Cr(CO)c 5.28 
Fo*CS.W(CO)c 5.28 
[Fe*CS-HgMe]PF^ 5.59 
[Fe*CS«CpFe(C0)2]BF^ 5.45, 5.73^ 
[Fe*CS.CpFe(C0)(C8)]BPh. 5.42, 5.61^ 
[Fe*GS-Me]PF^ 5.65 (br) 
[Fe*CS-Et]PFg 5.50 
[Fe*CS-Pr]PFg 5.75 (br) 
^Cp of adduct group. 
6 
1.33 (br, Me) 
3.77 (Me) 
1.69 (t, ciy), 
4.30 (br q, CHg) 
1.20 (t, CH?), 
1.90-2.40 (m, CHg), 
4.35 (br q, CHg) 
Table 9* (Continued) 
Compound^ 
[Fe*CS-Bu]PF^ 
[Fe*CS-All]PF^ 
[Fe*CS-Bz] PF^ 
[FetCS-CHgllPF^ 
lFe*GS-GH2C00Et]PF^ 
[Fe'GS-Me(PEt^)] PF^ 
[Fe'CS-Et(PEt^)] PF^ 
6 
5.72 (br) 
5.62 
5.60, 5.72 
5.79, 5.87 
5.80 
5.23 (d),d 5.43 
5.23 (d),d 5.45 
1.05 (br t, CH.), 
1.34-2.10 (br m, CHgCHg) 
4.36 (br q, CH^ ) 
4.93 (br t, dig) 
5.30-6.50 (m, CH=GH2) 
5.43 (br, GHg), 
7.48 (m, Ph) 
5.69 (br, CHg) 
1.32 (t, GH^), 
4.38 (q, GHg), 
5.20 (br, GHg) 
0.80-1.80 (m, Et), 
3.60 (Me) 
0.80-1.80 (m. Et and CH,) 
4.23 (br, CHg)  ^
Table 9» (Continued) 
Compound® 
[Fe'CS-BztPEt?)]??^" 
[Fe•CS-Me(PMe2Ph)]PF^ 
[Fe'CS-Ke(PMePh2)]PFg 
[Fe'CS-Me(P(OKe)^)]PF^ 
[Fe'C£-Me(MeNC)]PF^ 
[Fe'CS-Et(MeNC)]PF^ 
[Fe"CS-Me(MeNC)2]PF^ 
[Fe"CS-Me(PhHC)2]PFg 
solution, 
*JpCH ~ 
6 Cp 
5.06 (d),f 5,22 
5.12 (d),d 5.46 
5.14 (d),d 5.38 
5.27, 5.39 
5.33, 5.42 
5.31, 5.40 
5.07 
5.46 
0,60-1,60 (m, Et), 
7.46 (m, Ph) 
1.43 (d, Me),* 
1.68 (d, He),* 
3.58 (Me), 7.51 (m, Ph) 
2.14 (d. Me)," 3.53 (Me), 
7.10-7.50 (m, Ph) 
3.67 (d. Me and CS-Me)® 
3.22 (Me),j 3.67 (Me) 
1.63 (t, CH3), 
3.22 (Me),j 
4.18 (br q, CHg) 
3.22 (Me),j 3.57 (Me) 
3.70 (Me), 
7.10-7.80 (br m, Ph) 
Table 9. (Continued) 
Compound a 6 Cp 6 R' 
[Fe"CS-Me(Me2NC)(MeNC)](PF^)2 5.85, 5*92 
[Fe«CS-Et(I)] 4.82, 4.87 
3.28 (KG),j 3.77 (He), 
4.28 (Me),° 4.34 (Me)° 
1.67 (t, CH3), 
4.30 (br, CHg) 
^Bridging MeNC"^ group. 
122 
red-brown crystalline solid that is slightly air-sensitive 
in the solid state and somewhat more so in solution. Its 
solubilities in various solvents are similar to those observed 
for the phosphine derivatives discussed above. Solutions in 
benzene are grayish, whereas in hexane and CS^ the color is 
green; in more polar solvents the compound gives brown or 
greenish-brown solutions. However, the IR spectra of the 
compound in various solvents (Table 8) all three strong bands 
at higher frequencies indicative of a terminal isocyanide, a 
terminal CO and a bridging CO. These bands arise from the 
predominant isomer, in which the isocyanide is terminal. Two • 
strong, equally-intense bands in the bridging CS region indi­
cate that cis and trans isomers of the compound must be 
present, since there is only one CS ligand in the molecule; 
apparently the CO and CN frequencies for the two isomers are 
virtually the same and hence are unresolved. Other IR bands 
(-^•2000 w-m, and also w) appear to arise from a small 
amount of another isomer (or pair of cis-trans isomers) where 
both CS and MeNC ligands occupy bridge positions. There is 
no evidence for an isomer with a terminal CS ligand. 
The NMR spectra of Cp2Fe2(C0)2(CS)(MeNC) (Table 9) 
show three large peaks (ratio 3:5:5) corresponding to the 
terminal MeNC ligand and the two non-equivalent Cp groups of 
the predominant isomer. In most solvents the separation of 
the Cp signals ig ^ 7 Hz, and the isocyanide Me resonance occurs 
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at 'V 55«0» whereas in solution the Cp chemical shifts 
differ by only ~3 Hz, and the Me peak is shifted upfield by 
almost 1 ppm. However, this effect appears to be peculiar to 
this solvent, and not an indication of any marked configur-
ational change (see below). In all cases the peaks are quite 
sharp, and would seem to indicate that only one of the isomers, 
either the cis or the trans, is present. There are two 
possible explanations for this observation. The first is that 
the cis-trans interconversion is fast on the NMR time scale, 
which seems unlikely in view of the slow isonerization observed 
for the parent compound Cp2Fe2(C0)^CS, The other is that the 
chemical shifts of all ligands must be almost exactly coinci­
dent for both isomers. 
The NMR spectra of this compound also show much smaller 
peaks (e.g.,J3*67 and 3.00 in dg-acetone) arising from the 
MeHC ligand and the equivalent Cp groups of the isocyanide-
bridged isomer. The proportion of this isomer is appreciable 
in dg-acetone and CS^ (perhaps 10%), but very small in 
and CDCl^. This variation in the bridge/terminal isomer ratio 
may be responsible for the abovementioned color changes of the 
compound in different solvents. 
The analogous carbonyl complex Cp2Fe2(C0)^(MeNC)also 
exists in terminal isocyanide and isocyanide-bridged forms, 
but,.in contrast to the above observations, the two isomers 
are present in about equal amounts and interconvert rapidly 
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at normal temperatures» This very different behavior of the 
carbonyl and thiocarbonyl analogs can be explained by consider­
ation of the AC mechanism in Figure 3 for the case in which 
one of the terminal CO ligands has been replaced by MeNC, 
For either compound, cis-trans isomerization can occur by this 
mechanism. However, it can be seen that for Cp2Fe2(C0)^(MeNC) 
the terminal-bridge isocyanide exchange is also allowed by 
this process, whereas for Cp2Fe2(C0)2(CS)(MeNG) (which must 
retain the CS bridge) this isomerization can occur only via 
an intermediate in which the CS and MeNC ligands are on 
different Fe atoms. This structure would seem to be less 
stable than one in which the more strongly back-bonding CS 
ligand and the electron-donating isocyanide are on the same 
Fe of the non-bridged form. Thus, for the thiocarbonyl 
complex the terminal-bridge HeNC exchange should be less 
favorable, and the observed low proportion of the isocyanide-
bridged isomer indicates that this is the case. 
The bis-isocyanide complex Cp2Fe2(C0)(CS)(MeNC)2 is a 
dark purple solid whose air stability and solubility charac­
teristics are similar to those of the monosubstituted compound. 
It forms green solutions in non-polar solvents but is purple 
in polar media. 
The IE spectra of Cp2Fe2(C0)(CS)(MeNC)2 in various sol­
vents (Table 8) show that the compound exists in two isomeric 
forms. The first of these is a pair of cis-trans isomers 
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having a bridging isocyanide and a terminal isocyanide. This 
is illustrated by the spectrum in hexane, which shows a ter­
minal CN stretching band (2143 cm"^), two terminal CO bands 
(i960, 1951 cm~^) and a bridging isocyanide CN band (1723 cm"^). 
In other solvents there is only one terminal carbonyl band 
(which is, however, slightly unsymmetrical to the higher-
frequency side in most cases), but two bridging CS bands can 
be observed. The other isomer has two terminal MeNC ligands, 
as shown by its IR spectrum in CH2CI2 (2154, 1751 and 1110 cm"^). 
Interconversion of the two forms is fairly slow, and the isomers 
can be resolved by column chromatography. However, in solutions 
containing substantial amounts of both forms, isomerization 
always proceeds so as to increase the proportion of the bridge-
terminal isomer, so that the bis-terminal isomer is never 
obtained in pure form. The isomerization depicted below shows 
interconversion of the trans-bis-terminal isomer to the cis-
bridge-terminal form. Similarly, the cis-bis-terminal form 
would be converted to the trans-bridge-1erminal isomer. It can 
.Me 
9 N 
MeNC  ^ Cp Cp M Cp 
s CNMe MeNC Q CO 
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be shown that, subject to the previously-mentioned restriction 
concerning the stabilities of possible non-bridged intermediates, 
these are the only two isomerization processes allowed this 
molecnle by the AC mechanism. Stated briefly, bridge-terminal 
exchange of MeNC and CO ligands is permitted, but the same ex­
change of two MeNC ligands is not. As a consequence, the cis 
isomer of one of the forms (either bis-terminal or bridge-
terminal) cannot be converted to the trans isomer of that same 
form. 
The Nlffi of Cp2Fe2(C0)(CS)(MeNC)2 in all solvents (Table 
9) show four large peaks (5^3:5:5 ratio) for the predominant 
bridge-terminal isomer. The fact that separate sets of peaks 
for the cis and trans isomers are not observed can only be 
attributed to the virtual coincidence of these signals, since, 
as mentioned above, this isomerization probably does not occur 
at all (and hence cannot be rapid). The spectrum in shows 
the same upfield shift of the terminal MeNC resonance and 
decrease in the separation of the Cp signals that was described 
above for the monosubstituted complex; however, the bridge 
MeNC peak is not much affected. 
The foregoing observations are quite different from the 
results of a study of the carbonyl analog, rCpFe(CO)(MeNC)] 2* 
This molecule exists as a trans isomer with bridging and 
terminal MeNC ligands, and a cis isomer with two bridging iso-
cyanides, which are formed in comparable amounts. Also in 
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contrast to the "behavior of the thiocarbonyl analog, the 
two predominant forms do not interconvert. These differences 
further illustrate the remarkably strong preference of the CS 
ligand for a bridge position. 
S-Adducts of Cp2Fe2(C0)^CS 
The relatively low stretching frequency of the CS group 
in Cp2Fe2(C0)^CS indicates that the bridging thiocarbonyl 
ligand is electron-rich* Since in other metal thiocarbonyls 
such groups have been shown to form S-adducts,^^ it was antici­
pated that the bridging CS would react similarly, 
Lewis acid adducts 
The thiocarbonyl complex reacts with ïïgX2 (X = Cl, Br, I) 
in CH2CI2 or acetone to give the S-adducts Cp2Fe2(C0)^CS«HgX2« 
These compounds are stable in the solid state, but their IR and 
NMR spectra (Tables 8 and 9) can be observed only in the 
presence of excess mercury (II) halide, ov/ing to the lability 
of the compounds in solution. The IR spectra show two terminal 
(55) Cp2Fe2(C0)^ CS + HgXg _—^  CpgFeg^ COi^ CS.HgXg 
CO bands and a bridging CO band, all at frequencies higher than 
those of the free thiocarbonyl complex. This is the expected 
result of adduct formation, since electron density is being 
removed from the molecule through the coordinated CS group. 
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More interesting is the fact that the spectra closely resemble 
that of €92^62(00)205 in CH^CN (Figure 1), indicating that in 
the adduct the thiocarbonyl complex is almost entirely in the 
cis configuration. This appears to be true of all the S-adducts 
(and S-alkyl derivatives; see below) of €2^^62(00)205» The 
deep red color of these compounds is also characteristic of 
all such derivatives. The OS absorption appears as a weak, 
rather broad band about 100 cm~^ lower than of the free 
thiocarbonyl. 
The NMR spectrum of Cp2Fe2(C0)2CS*Hg0l2 (Table 9) shows 
a single Op resonance. As would be expected, this peak occurs 
at lower field than the Op resonance of the uncoordinated 
thiocarbonyl complex. However, the single peak is inconsistent 
with the anticipated non-linearity of the 0-S-Hg group,which 
should result in non-equivalence of the Op groups. Observation 
of one Op resonance where two are expected is another charac­
teristic of the spectra of all S-adducts of the thiocarbonyl 
complex, and probably results from a rapid dissociation-associ-
ation process, as shown below. Alternatively, this process may 
Fe •M Fe Fe 
be viewed as an inversion of the adduct. group about the 0-S 
bond, since this is of course the over-all result (see below). 
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The reaction of with HgXg may be contrasted 
to the corresponding reaction of [CpFe(C0)2]£> which is cleaved 
to give CpFe(C0)2X and CpFe(C0)2HgX,However, the carbonyl 
analog does react with certain Lewis acids, such as BX^ (X = CI, 
Br, I), to give isolable (though rather unstable) adducts on the 
bridging CO ligands.With Cp2Fe2(C0)^CS, these reagents 
give S-adducts. These products could not be isolated, however, 
owing to a rapid secondary reaction that results in cleavage 
of the molecule, as shown by the disappearance of the bridging 
CO and CS bands in the IH spectrum. The decomposition products 
were not identified, but the relatively high position of the 
observed CO bands (>2050 cm"^) suggests cationic, halide-bridged 
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cyclopentadienyl iron carbonyl compounds. 
The thermal reaction of Cp2Fe2(C0)^CS with PtCl2(PhCN)2 in 
CHCl^ gives a red solid, apparently [Cp2Fe2(C0)2CS] 2P'tCl2. This 
product was not well characterized because of difficulties en­
countered in its purification, but the IR spectrum (Table 8) 
does suggest an S-adduct. Owing to the size of the thiocarbonyl 
"ligand", the arrangement of groups about the Pt atom presum­
ably is trans. 
Addition of Ag to the thiocarbonyl complex in acetone 
causes a redox reaction rather than formation of an adduct. The 
product, a red oil, was not identified. This result is markedly 
different from the reaction of W(C0)(diphôs)2CS with Ag^, which 
gives an S-adduct, 
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The thiocarbonyl complex does not react with MeHgCl, 
However, if the chloride is first abstracted with AgPF^, the 
cationic derivative [Cp2Fe2(C0)^CS-HgMeJPF^ is formed. The 
IR and NMR spectra of this compound (Tables 8 and 9) are typical 
of the S-adducts, 
Metal carbonyl adducts 
Several S-adducts of Cp2Fe2(C0)^CS were obtained in which 
the adduct moiety is a metal carbonyl group. These compounds 
may also be viewed as metal carbonyl complexes in which the 
thiocarbonyl compound functions as a ligand. 
The thiocarbonyl complex readily displaces the coordinated 
solvent of M(CO)^(acetone) (M = Cr, to give the red-
purple, air-stable derivatives Cp2Fe2(C0)2CS*M(C0)^. Similar 
acetone CppFep(CO),CS 
(35) M(C0)=I" + Ag M(CO)c(acetone) ^^ 
^ -Agi 2 
Cp2Fe2(C0)^CS*H(C0)^ 
reactions with Mo(CO)^(acetone) and W(CO)^(CS)(acetone)^® gave 
evidence of adduct formation, but the products were stable 
only at low temperatures. In the former case this is probably 
a result of the generally lower stability of Mo(CO)^L com­
plexes,^^ while in the latter instance the instability is 
possibly attributable to the high trans-labilizing ability of 
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THF 
the es group#The IR spectra of the M(CO)^ adducts (Table 8), 
as might be expected, resemble the spectrum of a non-carbonyl 
Cp2Fe2(C0)^CS adduct (e.g., the HgClg complex) superimposed on 
that of an M(CO)^L compound.The Nlffi spectra (Table 9), like 
that of the HgCl^ adduct, show only one Cp resonance. 
Reaction of ^CS with [CpFe(C0)2(THF)i gives 
the stable cationic adduct [Cp2Fe2(C0)2CS*CpFe(C0)2]BF^« The 
(36) CpgFegXCODjCS + CpFe(C0)2(THF)* 
i:Cp2Fe2(C0)^CS*CpFe(C0)23 * 
thiocarbonyl analog [Cp2Fe2(C0)^ CS*CpFe(C0)(CS)JCF^ S0^ , which is 
somewhat air-sensitive, can be obtained by a similar method 
from Cp2Fe2(C0)^ CS and CpFe(C0)(CS)CF^ SO2.^ (A report on the 
utility of CpFe(CO)(CS)CF^ SO^  in the synthesis of CpFe(C0)(C5)L* 
compounds is forthcoming.^ ^^ ) The spectra of these complexes 
(Tables 8 and 9) are consistent with the.proposed formulations. 
Formation of metal carbonyl adducts does not, however, 
appear to be a general property of Cp2Fe2(C0)^CS, Several 
other metal carbonyl species which normally undergo facile 
CO substitution, such as CpFe(C0)2Cl, ^ Mn(CO)^Br, 
Fe(CO)^(THF)^^® and Be(CO)^(CH^CN)'^ either failed to react 
or gave unstable products. 
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Displacement reactions of the S-adducts 
As was mentioned above, the HgXg adducts dissociate spon­
taneously in the absence of excess The other adducts 
are also labile in the presence of most ligands. Addition of 
X~ to a solution of [CpgFegXCOÏ^CS-HgMeJ* results in slow con­
version of the complex to MeHgX and free thiocarbonyl. The 
other adducts react when warmed with X"in acetone; for example, 
Cp2Fe2(C0)^CS*W(C0)^ gives free thiocarbonyl and W(CO)^X". The 
metal carbonyl adducts also react slowly at room temperature 
Y/ith almost any donor ligand (e.g., PPh^ and py) to give 
Cp2Fe2(C0)^CS and the corresponding ligand-substituted carbonyl 
complex. A particularly interesting reaction is that of 
with [Cp2Fe2(G0)?CS.CpFe(C0)(CX)]* (X = 0, S), in which dis­
placement of the adduct group occurs, giving CpFe(CO)(CX)IT^, 
rather than, as might be expected, attack at a CO or CS ligand 
of the cationic moiety.^^"^1 Evidently the thiocarbonyl complex 
is a rather weakly-coordinating "ligand", which may explain its 
failure to form stable adducts with many metal carbonyls. 
S-Alkyl Derivatives of Cp2Fe2(C0)^CS 
General comments 
Several thiocarbonyl complexes are knovm. to undergo S-
alkylation,^^ including the CS-bridged compound 
[CpFe(CO)(CS)] 2,'^^ which is closely related to Cp2Fe2(CG)^CS. 
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Such reactions are particularly interesting since they are 
almost unprecedented in metal carbonyl chemistry, there being 
only one report in the literature of the alkylation of a 
1 bridging carbonyl ligand* Therefore, the reactivity of 
CP2F62(00)^05 toward numerous alkylating agents was investi­
gated. 
The thiocarbonyl compound does not react with alkyl 
chlorides, most alkyl bromides, or secondary and tertiary 
alkyl iodides. However, primary iodides and unusually reactive 
primary bromides (e.g., benzyl) react, as do strong alkylating 
agents such as alkyl fluorosulfonates.^ The S-alkyl der­
ivatives obtained proved to be quite interesting compounds 
for a number of reasons, which will now be discussed. 
Preparation and nroaerties 
The reaction of Cp^fe^CCOj^CS with alkyl iodides or benzyl 
bromide in CH^Cl^ solution is rather slow. In the latter case 
the reaction does not go to completion, owing to the lability 
of the product in the presence of halide ions (see below). 
CHpClp 
(37) CpgFe^ XCOj^ CS + BzBr  ^^  rnp^ Fe^ rcoKnS-R^ .r + Br" 
However, if the alkyl halide itself is used as the reaction 
solvent, reaction proceeds much more rapidly to give high yields. 
The halide salts obtained are solids that do not crystallize 
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well, but a simple ion exchange procedure gives the more 
easily purified salts. The observed order of reactivity 
for 5-1 is Me»Et>Pr, Bu. 
neat H-I PFV" 
(38) C-p^Fe^iCO)^CS ^ [Cp2Fe2(C0)2CS-R]I 2*. 
[CpgfegCCOy^CS-R] PFg 
The best method for preparation of the Ke and Et deriv­
atives is reaction with methyl or ethyl fluorosulfonate in 
CH^Cl^» These compounds are easily purified as the FSO^~ salts, 
but as this anion has IE absorptions in the CS region it is 
advantageous to carry out exchange. In the case of the 
CKpClp 
(39) Cp2Fe2(C0)^CS + ROSO^F [Cp2Fe2(C0)^CS-R]FSO^ 
substitution products [Cp2Fe2(C0)2(L)CS-R]FSO^ (see below), the 
ion exchange is more conveniently accomplished after the sub­
stitution, owing to the much greater solubility of these deriv­
atives. 
The S-alkyl compounds [Cp2Fe2(C0)^CS-R]PF^ are red, micro-
crystalline solids that are air-stable both in the solid state 
and in solution. The Me and St. derivatives are slightly water-
soluble, sparingly soluble in CH2CI2, but somewhat more soluble 
in acetone and CH-CN, The solubilities are much higher when R 
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well, but a simple ion exchange procedure gives the more 
easily purified salts. The observed order of reactivity 
for R-I is Me»Et>Pr, Bu, 
neat R-I 
(38) Cp^Fe^CCO^CS ^ [Cp2Fe2(C0)2CS-R]l 2*. 
[Cp2Fe2(C0)^CS-R] PFg 
The best method for preparation of the Me and Et deriv­
atives is reaction with methyl or ethyl fluorosulfonate in 
CE2CI2. These compounds are easily purified as the FSO^~ salts, 
but as this anion has IR absorptions in the CS region it is 
advantageous to carry out PF^" exchange. In the case of the 
CHpClp 
(39) CpgFegXCOjjCS + ROSOgF [Cp2Fe2(C0)^CS-R]FSO^ 
substitution products [Cp2Fe2(C0)2(L)CS-R]FS0^ (see below), the 
ion exchange is more conveniently accomplished after the sub­
stitution, owing to the much greater solubility of these deriv­
atives. 
The S-alkyl compounds [Cp2Fe2(C0)^CS-R]PF^ are red, micro-
crystalline solids that are air-stable both in the solid state 
and in solution. The Me and Et. derivatives are slightly water-
soluble, sparingly soluble in CH2CI2» but somewhat more soluble 
in acetone and CH^CN, The solubilities are much higher when R 
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is a larger group, particularly for R = All and Bz, Conduc­
tivity measurements verify that the compounds are 1:1 electro-
O 1 
lytes in nitromethane» 
Spectra and structure 
The IR spectra of the S-alkyl derivatives (Table 8) all 
show a characteristic three-band pattern in the CO region, the 
relative intensities of these bands being strong-weak-medium. 
These spectra strongly resemble the IR of ici 
CH^CN, except that the bands occur at somewhat higher frequen­
cies owing to the cationic nature of the compounds. This band 
pattern indicates that the S-alkyl compounds are all cis 
isomers. Interestingly, the same products are obtained even 
if the alkylation is carried out in a solvent such as benzene 
or CCl^ in which a substantial amount of trai^-Cp2Fe2(C0)-CS 
is present. Infrared spectra of the S-alkyl compounds in 
CHCl^, CE2CI2 and CH^CN are very similar, indicating that the 
compounds do not undergo cis-trans isomerization. Thus, it 
must be concluded that only the cis isomer of Cp2Fe2(C0)2CS 
reacts with alkylating agents. It may be recalled that the 
S-adducts of the thiocarbonyl also appear to be cis isomers. 
Evidently the more polar cis isomer of Cp2Fe2(C0)^CS is also 
the more nucleophilic, as the reason for the cis preference 
is not apparent from steric considerations. 
The CS stretching frequency of the CS-R^ bridging group 
occurs as a rather "broad, weak band. Characteristically it 
is ^ 100 cm~^ lower than the corresponding band in Cp2Fe2(C0)^CS, 
as was also found for the S-adducts discussed above* 
Before the present work, the only knovm compound with an 
alkylated bridging thiocarbonyl ligand was the methylated bis-
thiocarbonyl complex [Cp2Fe2(C0)2(CS)CS-MeJThe NI4R 
spectrum of this compound shows two Cp resonances, showing that 
the C-S-Me group is non-linear. In contrast, the NMR spectra 
of [Cp2Fe2(C0)^CS-S]PFg (Table 9) in general contain only one 
Cp peak, though this peak is often somewhat broad. Only in 
cases where the R group is relatively large and rigid (R = Bz, 
CH^I) are distinct Cp resonances observed at ambient tempera­
tures, The effect of increasing temperature on the spectrum 
of the S-benzyl derivative is shov/n in Figure 4* (Temperatures 
shown in the Figure are approximate; coalescence of the Cp 
signals actually occurs at about 48°*) The coalescence of the 
Cp peaks can be attributed to inversion of the alkyl group 
about the C-S bond, resulting in equivalence of the Cp ligands. 
Fe. .R Fe. . 
(40) I I 
The analogous process is known to occur in bridging isocyanide 
ligands,but is much faster. Apparently, for most of the 
S-alkyl compounds this inversion is just becoming rapid near 
137 
70 
8 Hz 
Figure 4. Variable-temperature NMR spectrum of the complex 
[Cp2Fe2(C0)^CS-Bz] PF^ in CD^CN (Varian HA-100). 
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room temperature, so that only a single, slightly broadened 
Cp resonance is observed. 
Another interesting feature of these NMR spectra is the 
position of the Me resonance of the bridging CS-He ligand. 
This peak typically occurs at ~ (f5.5-5#7, and thus has the same 
chemical shift relationship with the terminal CS-Me ligand (e.g., 
cr2.53 for CpFe(CO)CS-Me; see above) that is observed for 
bridging and terminal MeNC ligands.^ ^^ '^ ^^  
Carbon-13 NMR spectra of the S-methyl and S-benzyl com­
plexes (Table 10) show two Cp resonances. For the Bz deriv­
ative, the Cp peaks broaden as the temperature is raised and 
coalesce at about k5>°» More interesting, however, is the very 
low-field position of the thiocarbonyl carbon resonance 
ppm), which is even lower than that found for the parent thio­
carbonyl 6'(f580). In this respect the bridging CS ligand 
differs greatly from electron-rich terminal thiocarbonyls. 
For example, in I'iV(CO)^ CS'" the thiocarbonyl carbon resonance 
undergoes an upfield shift of about the same magnitude upon 
alkylation of the S atom.^ ,^ Carbcn-13 NMR data for a terminal 
thiocarbonyl complex, CpFe(CO)(CS)SnPh^ , and the carbene com­
pound [CpFe(C0)2C(0Me)^ PF^  are shown in Table 10 for compar­
ison. 
Table 10, NMR chemical shifts (ppm) for cyclopentadienyl iron carbonyl and 
thiocarbonyl complexes in d^-acetone solution 
Compound <S Cp 6 R 6 CO 6 CS 
[CpFe(C0)2C(0Me)2]PFg 85.0 248.6 (carbene 0) 207.0 
CpFe(CO)(CS)SnPh=* 84.4 127.6, 136.1, 213.9 314.8 
142.9 (Ph) 
[CpgfOgtCOigCS-KejPF^  89.8, 90.5 83.0 (Me) 249.6^  
[CppFe-(C0),C8-Bz]PF, 92.3, 92.9 60.7 (CHp), 207.4^ , 403.1 
129.6, 130.2, 251.6^ 
133.9 (Ph) 
Cp2Fe2(C0)2(CS)PEt^ ® 88.5, 89.7 7.17 (Et), 216.8,° 396.2 (d)' 
17.3 (d, Et)d 278.3 (d)b'G 
®CDC1^ solution. 
^Bridging CO. 
^Terminal CO. 
= 23.8 Hz. 
JpFeC ~ ^4.9 Hz, 
Table 10, (Continued) 
Compound <S Cp <S R <5 CO 6 CS 
[CpgFegCCOigCPEtjiCS-HelPF^ 88.3^ 5.70 (Et), 
17.1 (d, Et)8 
213.4,G 407.9 (d)h 
256.4 (d)b'h 
f 
Center of tv/o pealts. 
GjpCH = 28.3 Hz, 
^JpFeC obtained. 
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Crystal structure of [0132^62(00)^02-Et] BF^ 
In order to verify the cis structure proposed for the S-
alkyl compounds, an X-ray crystal structure of the complex 
[Cp2Fe2(00)2CS-Et]BF^ was undertaken. Complete details of the 
structure determination are given in a recent paper.A 
computer-generated drawing of the molecule is shown in Figure 
5* It is found that the bonding parameters not directly 
associated with the bridge structure are very similar to those 
in the related molecules cis-[CpFe(CO)(CS)] and cis-
[CpFe(00)2]2"^^^ Fe-Fe bond distance is 2,510 A, which 
is between those found in the above molecules (2,482 A and 
2,531 A, respectively). Bond distances and angles associated 
with the portion of the molecule that is significantly affected 
by the CS-Et"*" group are shown in Figure 6; the numbers in 
brackets in the Figure are the corresponding values for 
[CpFe(CO)(OS)]^* Addition of Et"^ to the bridging CS group 
0 
lengthens the C-S bond (1,666 A) from its value in the bis-
thiocarbonyl complex (average of 1,590 A), This presumably 
results from reduced C-S ^ -bonding, which promotes Fe-O ir-
bonding, giving the shortened Fe-C distances observed, 
Fischer, ^  al.,^^^ have described bridging, c^byne lig-
ands. If there were no IT-bonding in the C(4)-S bond of the 
OS-Et^ group, this ligand could be considered a bridging 
carbyne. However, the C(4)-S distance compares to that of a 
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C-S double bond,Nevertheless, there is significant Fe-
C(4) IT-bonding, as indicated by the 1.840 and 1.828 A bond 
lengths compared to the normal Fe-C bond distance of 2.0-2.1 
1^ 144 ijjjg CS-H"*" group may be regarded as electronically 
equivalent to an ligand (i.e., 3-electron donor) and 
structurally equivalent to a bridging isocyanide ligand. How­
ever, while several complexes containing a terminal CS-R lig­
and are known,,118 there is no evidence that the bridging 
ligand in [CP2^ ®2^ ^^ 5-R]^  compounds can shift to a terminal 
position. 
It is worth noting that substitution of PEt^ for CO, as 
in Cp2Fe^(C0)2(CS)PEt^, produces about the same effect on the 
chemical shift of the bridging CS ligand as does alkylation 
of the thiocarboayl sulfur (Table 10). As noted above, alkyl­
ation increases the Fe-C ^ -bonding in the bridging CS group; 
addition of a donor ligand to the unalkylated molecule would 
be expected to produce the same result. It appears that this 
effect is responsible for the larger ^ 0^ shifts observed for 
these derivatives of Cp2Fe2(C0)^ CS. In this respect the re­
sponse of the bridging CS ligand is similar to that of bridging 
and terminal carbonyls. 
Alkylation of substituted derivatives 
The substituted complexes Cp2Fe2(C0)2(CS)L (L = PR^ ) also 
react with the above alkylating aigents to give the S-alkyl 
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I 1.805(14), 
113.2(14) 
107.6(8), 1.666(11) [l.590(av)] 
128.6(7)f C, 
144.6 (7) 
[139.4 (QV)] 
1.840 (II) [1.906 (a»)] 
Fee )f96.8(3)] ''®' 
Figure 6# Bond distances and angles in [Cp2Fe2(C0)^CS-Et] 
affected by the CS-Et ligand. 
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compounds [Cp2Fe2(C0)2(l)CS-R]^. In fact, these reactions are 
considerably faster than the corresponding alkylations of the 
unsubstituted thiocarbonyl complex, presumably because the 
CHpClp 
(41) Cp^FezCCOj^CCS)! + R-X [Cp2Fe2(C0)2(L)CS^5]X 
(X = I, F50=) 
greater electron density provided by the donor ligand increases 
the nucleophilicity of the thiocarbonyl sulfur. These com­
pounds are brown, slightly air-sensitive solids that dissolve 
in polar organic solvents to give yellow-green solutions. 
Infrared and NMR data for these derivatives in Tables 8 and 
9. The NMR data for the PEt^ compound show the expected 
very low field thiocarbonyl carbon resonance. 
The reaction of Mel with Cp2Fe2(C0)2(CS)(MeNC) gives the 
red-brown species [Cp2Fe2(C0)2(MeNC)CS-Me] In contrast, 
the carbonyl analog gives [Cp2Fe2(C0)^(.Me2NC)] which contains 
an alkylated bridging isocyanide.^ Presumably the alkylation , 
occurs at S in the former instance because, as discussed above, 
the bridge position is less accessible to the isocyanide ligand 
in the thiocarbonyl complex. 
Alkylation of the bridge-terminal isomer of the bis-
isocyanide complex Cp2Fe2(C0)(CS)(MeNC)2 is even more inter­
esting. Reaction of this compound with Mel in CH2CI2 gives 
the S-methyl derivative of the bis-terminal isomer, whereas 
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reaction with KeOSO^F results in alkylation of both the CS 
ligand and a bridging isocyanide. The identities of these 
Mel 
(42) Cp5Fep(C0)(CS)(MeNC)p ^ [CppFep(CO) (MeNO^CS-He] 
CHpClp 
(bridge-terminal) (bis-terminal) 
MeOSOpF 
(43) CppFep(CO)(CS)(MeNC)p " ^ » 
CH2CI2 
[CpzFe^ fCO) (MeNC) (Me^ NC)CS-He] 
products were ascertained from their IR and NMR spectra, and 
from a conductivity measurement that showed the latter compound 
to be a 1:2 electrolyte. Apparently the bridge-terminal isomer 
is less nucleophilic than the bis-terminal isomer, and so 
rearranges to the latter form before reacting with the weaker 
electrophile Mel, whereas the stronger alkylating agent MeOSOgF 
reacts immediately at either S or N and thus locks the molecule 
into a form which can undergo a second alkylation# 
Both of these compounds are brovm, air-stable solids. The 
imnoalkyl complex dissolves in polar organic solvents to form 
brown solutions; the dialkyl derivative is insoluble in CH2CI2» 
but dissolves in acetone and CH^CN, giving greenish-brown 
solutions, and is also slightly water-soluble. Infrared and 
NMR data for these compounds are given in Tables 8 and 9# 
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Substitution reactions 
The S-alkyl derivatives [Cp2Fe2(C0)^CS-Rj^ (R = Me,Et) 
undergo ligand substitution reactions somewhat more readily 
than does the parent thiocarbonyl complex, possibly because 
the increased Fe-C IT-bonding to the bridging CS-R"*" ligand 
weakens the terminal Fe-CO bonds to some extent. Some of the. 
same products can, of course be obtained as discussed above, 
but the greater reactivity of the S-alkyl compounds affords 
a wider range of substitution products than is accessible by 
the other method. 
Very basic phosphines react rapidly with [Cp2Fe2(C0)^CS-R]^ 
at room temperature in THF, acetone, CH^CN or MeN02* Other 
. CH^CN 
(44) [Cc^Fe^CCOj.CS-Me] + PEt? 2 ^ 
-d. d. ^ RT 
[Cp2Fe2(C0)2(PEt^)CS-Me]+ + CO 
ligands, such as PMePh2» P(OMe)^, HeNC and pyridine also react, 
but require heating. Surprisingly, Phl^C, which does not react 
at all with Cp2Fe2(C0)^CS, gives the bis- isocyanide deriva­
tive, as shown by its NMR spectrum (Table 9) which contains 
only one Cp resonance. Extended reflux with other ligands in 
. CH,CN 
(45) [CppFep(CO),CS-Me] + 2 PhNC 2 
^ reflux 
[Cp2Fe2(C0)(PhNC)2CS-Me]+ + 2 CO 
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CH^CN results in decomposition rather than disubstitution. 
Even halide ions react, giving the interesting compounds 
Cp2Fe2(C0)2(CS-Me)X, Although formally neutral, these deriv­
atives appear to be dipolar, as they are soluble only in polar 
organic solvents* The reason for the observed order of reac­
tivity, Cl>Br>I, is not evident# It is also unclear why 
reaction 46 below, which is the best method for preparation 
Mel, Nal 
(46) Cp5Fep(C0),CS ^ CppFep(CO)p(CS-He)I 
^ CH^CN, reflux 
of the iodo compound, is faster than the direct reaction of 
[Cp^Fe^CCO^CS-Me]"^ with Nal. 
Other ligands, such as PPh^ and P(OPh)^, do not react. 
However, even these derivatives can be obtained by taking 
advantage of the lability of the iodide in the above com­
pound, as shown in reaction 47# Undoubtedly this reaction 
1 )  ^  
(47) Cr>5F€-(C0),(CS-Me)I ^ rCppFep(CO)pCPPh,)CS-MeJ 
d d d 2) PPh^ ^ 
+ MI 
could be used to prepare analogous complexes of any other 
donor ligands v/hich do not react directly with the S-alkyl 
compound. 
Infrared and ''h NMR data for the above compounds are shown 
in Tables 8 and 9* 
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It should be noted that substituted S-benzyl derivatives 
must be prepared from BzBr and the appropriate Cp2^Fe^(C0)^(CS)L 
compound. The CS-Bz^ group is labile in the presence of halide 
ions, tertiary amines and other donor ligands. Therefore, the 
reaction of [Cp2Fe2(C0)^C5-Bz] ^ with any of the above ligands 
results in de-alkylation rather than replacement of CO, The 
S-allyl compound reacts similarly. The more facile dissociation 
of these alkyl groups thus parallels the unusually high reac­
tivity observed for allyllic and benzyllic halides. 
Reaction with nucleonhiles 
The CS-Me^ group appears to be susceptible to nucleophilic 
attack, as might be expected because of its cationic nature. 
Reaction of [CpgFe^XCOj^CS-Me]* with NaOMe in MeOH rapidly con­
verts the S-methyl thiocarbonyl to [CpFe(C0)2]2* Presumably 
Fe^ ,Me Fe. ^SMe Fe^ 
(48) I ^0=5"^ + HeO" I ^ I ^C=0 
Fe^ + Fe OKe Fe 
+ Me2S 
this reaction occurs via the neutral carbene-like intermediate 
shown above. The other proposed product, #628, was not isolated, 
but the analogous reaction with aqueous NaOH definitely produces 
MeSH, as would be required by the above mechanism. 
In other cases the results are less clear. For example. 
w 
in.the reaction of the same compound with MeNH2j attack evi­
dently occurs at the CS-Me* ligand, since the characteristic 
weak IR band at1020 cm"^ disappears immediately. Yet the 
IR spectrum of the final product (1942 vs, 1768 s, 1641 m) 
suggests that reaction has occurred at a terminal CO ligand, 
possibly to form a carbamoyl compound»Unfortunately, the 
instability of this product prevented its further character­
ization* Additional study is needed to determine the gener­
ality of such reactions and the nature of the products obtained. 
Other Attempted Reactions.of Cp2Fe2(C0)^CS 
V/ith nucleophiles 
Unlike the terminal CS ligands in some thiocarbonyl 
complexes,the bridging thiocarbonyl in Cp2Fe2(C0)^CS 
is unreactive toward common nucleophiles such as MeO~, MeNH^, 
and However, the reactivity of terminal CS groups toward 
nucleophiles may be ascribed in part to the weakness of the 
C-S IT-bon ding, As discussed previously, this weakness in 
the iT-bonding probably also accounts for the strong tendency 
of the CS ligand to bridge when possible. Hence, the formation 
of a bridging thiocarbonyl may remove most of the driving 
force for reaction with nucleophiles. 
Methyllithium does react with Cp2Fe2(C0)^CS, but the IR 
spectrum of the rather unstable product obtained (1946 vs, 
1777 s) suggests that the MeLi attacks a terminal CO rather 
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than the CS group, possibly to give [Cp2Fe2CC0)2(CS)e(0)Mej 
However, subsequent alkylation fails to give a neutral carbene 
derivative,and thus the identity of the initial product 
remains unclear. 
The thiocarbonyl also reacts with KCN in refluxing CH^CN, 
apparently to give a ionic cleavage product. This product was 
not identified, but could be a thiocarbonyl analog of the known 
complex K [CpFe(C0)(CN)2] which was obtained from the 
carbonyl analog [CpFe(CC)2]2 in a similar manner. 
With other electrophiles 
Numerous attempts to form a protonated or acetylated deriv­
ative of failed to give isolable products. The 
desired compounds could be detected by IR in solution, but 
appeared to be very labile. Additionally, the S-acetyl com­
pound seems to be unstable toward decarbonylation to the S-
methyl complex, [Cp2Fe2(C0)^CS-Me]', Acetyl derivatives of 
electron-rich terminal C S groups can be i solated,and it is 
not clear why this is not also true of the thiocarbonyl-
bridged complex. 
It was hoped that reactive small-ring compounds such as 
thiirane^^^ would add to the CS group of Cp2Fe2(C0)^CS to give 
bridged carbene-like derivatives. However, no such reaction 
is observed, presumably because the thiocarbonyl sulfur is 
insufficiently nucleophilic to cause ring-opening. 
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Fe-v /S\ Fe^ / \ /S— 
(49) I ^Crs + / \ »- I ^C=S S ^ I 
F^ F/'^ + - Fe^^^S-
Reaction of Cp2Fe2(C0)^CS with an equimolar amount of 
ICH^COOH in CH2CI2 gives the- interesting S-alkyl compound 
"[Cp2Fe2(CO)^CS-CE2COOH]^'\ The compound normally is soluble 
only in the most polar organic solvents, but dissolves in 
CH2CI2 in the presence of excess ICH2COOH or other carboxylic 
acid. Apparently the compound exists as a hydrogen-bonded 
dimeric di-cation, which dissociates by interaction with either 
a very polar solvent or another organic acid. A somewhat 
CH CI 
(50) [Cp2Fe2(C0)^ CS-CH2C00H]2^ '^  + 2 H-COOH  ^
2 [Cp^ Fe^ (CO)^ CS-CH^ COOH*HOOC-Ii]'^  
similar compound, £CpFe(C0)2CH2CD0Hl 2» has been reported, 
Reaction of the S-carboxymethyl compound with Et^N in CH^CN 
in an attempt to form a deprotonated, dipolar species gave 
instead a product that was identified by its IR spectrum as 
[CpFe(C0)2]2* Apparently a carboxylate oxygen is tranferred 
to the bridging group, possibly via a cyclic carbene-like 
intermediate similar to that proposed in reaction 48. The 
organic products of this reaction were not identified. 
155 
Fe CH^COOH Fe /CHgCOO 
(51) 
Fe 
Conclusion 
The research described above is the first thorough 
investigation of the chemistry of a thiocarbonyl-bridged 
complex. As with almost any research project, some of 
the results obtained were anticipated, while others were 
unexpected and leave some unanswered questions. In any 
case, it is evident that introduction of the CS ligand 
into a bridge position has a pronounced effect on the 
chemical behavior of a metal thiocarbonyl compound, as 
well as on the characteristic reactivity of the thiocar­
bonyl ligand itself. 
Certain aspects of the chemistry of Cp2Fe2(C0)^CS — 
such as reactions of the S-alkyl derivatives with nucleo-
philes, and reactions of the anion CpFe(CO)(CS)~ — 
probably deserve more thorough investigation. But beyond 
this, it is hoped that the present research will stimulate 
further efforts toward the preparation of new types of 
thiocarbonyl complexes. In particular, it would be 
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interesting to determine if other, presently unknown, bi-
nuclear metal thiocarbonyls, such as Mn2(C0)^CS or 
[CpWCCO^CS] 2» would be isostructural with their CO analogs 
or, as the results of the present research would suggest, CS-
bridged. It is likely that the information obtained in the 
study of Cp^Fe^CCO)^CS will prove useful in the investi­
gation of such compounds. 
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